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FEEDING^ BODY COMPOSITION AND PRODUCTION OF TELEOSTS IN CONTROLLED 
AQUATIC SYSTEMS AND BIOLOGICAL VALUE OF FISH PROTEIN 
This doctoral thesis embodies information on artificial 
feeding, nutrition and quality and quantity of production of 
some commercially important teleostean fishes. It is an 
undeniable fact that supplementation of food items produced 
naturally by cost-effective artificial feeds is a principal 
method of maximizing production. Several practical diets were 
formulated and their performance evaluated in the course of the 
present work. Fishes selected for trials include carps 
Cirrhina mrigala, Cyprinus carpio, catfish Heteropneustes 
fossilis and murrel Channa punctatus. Before undertaking 
specific experiments under controlled conditions, a general 
survey of natural ecosystem of a running water body was carried 
out and living standard of fishes exposed to a variety of 
hydrodynamic factors studied. Fishes procured both from ponds 
and rivers were confined to experimental tanks or aquaria for 
observations. Different types of artificially compounded feeds 
were supplied usually for four weeks in each experimental trial 
and their nutritional and growth-promoting efficacy assessed 
through parameters such as Food Conversion Efficiency (FCE), 
Protein Efficiency Ratio (PER), Instantaneous Growth Rate (IGR), 
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Food Quotient (FQ) in addition to Condition Factor (Ponderal 
Index, K) and Growth Coefficient (n or b). Role of diets on 
quality of yield was examined through analysis of chemical 
composition and energy value of fish tissues. 
Data on natural ecosystem indicated a profound influence 
of environmental factors on fish resources. Two specimens of 
fishes, viz., Heteropneustes fossilis and Channa punctatus 
found the basis of the study. In the light of the information 
gained, measures have been suggested for ecodevelopment for 
harnessing the potential of the inland waters. 
Experiments involving artificial feeding of Cirrhina 
mrigala revealed influence of dietary protein level (DPL) on 
growth, nutritional status and chemical composition of fish. 
Glycogen was more dynamic than protein but the latter played 
a pivotal role in the growth process. The concentration of 
tissue protein increased with the dietary protein. Glycogen 
also exhibited a progression identical to that of protein and 
hence the fish supplied diet rich in protein and energy accumu-
lated more glycogen. Dynamics of change in protein and glycogen 
have discussed in the light of physiological adaptations of the 
fish. The data made it abundantly clear that biosynthesis of 
large quantities of protein required adequate dietary intake of 
this nutrient. Over a certain range, increase in the protein 
supply by way of diet enhanced the value of 'FCE', 'IGR', 'PER' 
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and 'K'. Energy intake was seen to effect the protein require-
ment. Interestingly, the quality of energy entering the body 
had a marked influence on growth rate of the fish. Protein-
sparing roles of carbohydrate and fat were discernible. Proper 
balance of the various nutrients in keeping with the nutritional 
requirements of fishes is important in successful aquafarming. 
Protein-poor and fat-rich diet was seen to result in decline in 
growth and robustness of fish. Besides the various nutritional 
parameters mentioned earlier, the fish maintained on deficient 
feed grew at a slower rate, putting on body weight less than 
three times the length. Limits of mineral supplementation in 
diets together with the critical levels were worked out. 
Addition of mineral sources in feeds having about 5% of the 
inorganic matter was found unnecessary inasmuch as it did not 
promote nutritional efficacy or growth. Effort was made to 
judge the performance of dietary ingredients on individual basis, 
and as a result of this, it became possible to highlight the 
significance of linseed oil cake as a substitute of the conven-
tionally used mustard oil cake in compounding artificial diets 
for major carps. Meal of an insect pest of agriculture, 
Hieroglyphus nigrorepletus also emerged as a good source of 
superior quality protein of high digestibility. Performance of 
the artificial feeds varied with the age of the fish. Early 
stages characterized by rapid growth gave far better results in 
terms of growth, condition and body composition. 
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In case of Cyprinus carpio the capacity for digestion of 
protein from plant was appreciably greater than that from animal 
sources. Dietary protein beyond 20% level did not improve 
response of the fish. Spurious proportion of protein at the 
cost of carbohydrates adversely affected growth and health. It 
was obvious from the data that the capacity of fish to utilize 
dietary protein was limited and that the energy requirements 
for growth in particular were met to considerable extent from 
non-protein nutrients. The fish thrived best on a diet with 
moderate protein-high carbohydrate and low fat proportions. 
Protein and glycogen were also closely related with the DPL. 
Nature of diet influenced the length-weight relationship and 
condition coefficient. Meal of Indian gooseberry (Emblica 
officinalis), a coiranon citrus fruit, tried for the first time, 
proved to be very effective in enhancing growth and improving 
nutritional level of the fish. 
Dietary protein requirement of Heteropneustes fossilis 
exceeded that of Cyprinus carpio. Tissue concentrations of 
protein and glycogen were quite sensitive to DPL. Feeding a 
balanced ration resulted in storage of substantial quantities 
of glycogen in the liver and this increased the liver-somatic 
index (LSI). A strikingly direct progression of 'LSI' and 'K' 
was evident from the data. The catfish seemed to possess 
excellent ability of digesting animal protein. Its efficacy 
to make use of plant protein was limited. Protein utilization 
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was influenced by quality and overall intake of energy. Assimi-
lation of muscle (when supplied as feed ingredient) protein and 
biosynthesis of body tissue protein (from the raw materials of 
dietary myogen) were appreciably higher than when protein from 
other sources was provided to the fish. Further, with a desired 
quality of dietary protein the fish also piled up larger amount 
glycogen in its liver and muscle. Influence of the nature of 
diet on accumulation of fat and glycogen has been analysed and 
details presented in the thesis. 
Interrelations of dietary nutrients were also demonstrated 
in Channa punctatus. The significance of changing carbohydrate 
level in diet in the protein utilization and growth was amply 
clear. Adequate intake of carbohydrate improved the utilization 
of protein for growth rather than for energy requirements. Fat 
did not appear to be of much use in protein utilization. Bioche-
mical parameter maintained progression with the growth character. 
Glycogen level in tissue increased with the dietary level of 
protein and carbohydrate. Details of growth dynamics have been 
outlined in the thesis. 
The work emphasizes the importance of exploring new sources 
of dietary ingredients and utilization of throw-away product in 
artificial feeding of fishes. The significance of balanced feed 
formulation in promoting growth and production of fishes is 
evident from the investigations. 
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GENERAL INTRODUCTION 
Interest in growth and production of fishes is associated 
with their significance in the welfare of mankind. At a time 
when human population is expanding enormously and food supply is 
dwindling alarmingly the developing and underdeveloped countries 
can not afford laxity in water resources mobilization. Worldwide 
pressure to develop aquaculture is motivated primarily by the 
need for increased protein supply. Fisheries has assumed importance 
as a means of supplying proteinaceous food for human beings. An 
advantage of fish farming is the ability of these animals to convert 
prepared food into their body weight more efficiently than do most 
terrestrial animals. In years to come fishes are bound to assume 
an increasingly important role in human nutrition in particular 
and bioeconomy in general. Improvement of native habitat and 
rational management of culture farms are two of the important ways 
of enhancing production. Growth, biological condition and yield 
of fishes are strongly influenced by environmental conditions. 
Nikolsky (1963), Jafri et al. (1978), Mustafa (1978a) and Brett 
(1979) have described the effects of temperature, pH, dissolved 
oxygen, water currents, etc. on appetite, metabolism, growth and 
other life processes of fishes. Studies presented in Chapter I 
of this thesis provide an account of the ecological conditions 
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favouring growth of fish popiilations in the hillstreams and rivers. 
It is unfortunate that work in assessment of fishery potential and 
rational conservation of biomass in natural water bodies as well 
as scientific management of fish populations in derelict or arti-
ficial environments is not keeping pace with the growing needs of 
proteinaceous foods. The present work is an attempt in this 
direction. Chapters II-IX of the thesis deal with the results 
of feeding trials carried out with the aim of promoting growth 
and production of freshwater teleostean fishes. The early life 
of fish is characterized by higher nutrient requirements and faster 
growth. Efforts have been made to work out the efficacy of throw-
away materials in improving the performance of ration and accele-
rating fish growth. One of the main problems in intensive fish 
culture is to find inexpensive artificial diets which can ensure 
rapid growth of fish from juvenile to commercial size with good 
chances of survival all along. It is one of the principal methods 
of economizing and increasing fish production. Artificial feeding 
must cater to the nutrient requirements of fishes and to increase 
the profit margin for fish culturists. Peed must be formulated in 
a way that it can be readily available, acceptable and digestible 
to fish. Supplementing the natural food by the artificial feeds 
is particularly essential for better returns in ponds poor in 
productivity. Feed manufactures and fish culturists are keen on 
exchanging information on dietary performance and formulas to 
evolve still more growth-promoting and least-cost feeds. Artificial 
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feeding in hatcheries and nursery ponds is considered important 
because of the quick and promising results obtained at early 
stage of fishes. Not only that the young fish responds remar-
kably to compounded diets by changes in body weight but is also 
more prone to relative adjustments of biochemical constituents 
of its somatic tissues. Artificial feeds for fishes must be 
adequate in calories and balanced vis-a-vis indispensible amino 
acids, carbohydrate, fat, vitamins and minerals, to sustain life 
activities and active growth. Energy is sufficiently needed for 
converting the ingested amino acids into tissues and the calories 
per gram protein ratio influences the protein efficiency ratio 
and the net pirotein utilization. The present work strives to 
explain the significance of metabolizable energy values of specific 
nutrients in formulated ration. This includes elaboration of both 
the protein as well as non-protein energy with reference to nutri-
tional quality of the diet. Peed formulation requires understanding 
of the factors which control food intake and allocation of the 
ingested material for growth. Studies on the fate of food in fish 
provide insight into maintenance needs of metabolism, growth and 
other physiological processes ((Jerking, 1972; Pandian, 1975; 
Elliot, 1976). In the preparation of fish diet economic feasibi-
lity is given the first priorty so that fish farmers can afford 
supplementary feeding. Diet formulation can rightly be looked 
upon as a way of recycling waste products for yielding good quality 
food for human beings. The criteria and details of feed preparation 
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have been given by a number of authors (Hastings and Dupree, 1969; 
Halver, 1970, 1976, 1979a,b; Hastings, 1970; Gaudet, 1971; Hastings 
et al., 1971; Bardach et al., 1972; Hastings and Dickie, 1972; 
Pearson, 1972; Hastings and Simco, 1973; Watanabe et al., 1974; 
Zeitoun et_ al., 1976; Hastings and Cowey, 1977j Bergot, 1979; 
Garlsson, 1979; Castell, 1979a,b; Yingst and Stickney, 1979; Yu and 
Sinnhuber, 1979; Appellbaum, 1980,- Brown and Gratzek, 1980; Kaniz 
and Gollmann, 1980; Lovell, 1980a,b; Reinitz and Hitzel, 1980; 
Albrecht and Steffens, 1981; Dhamrongrat and Kasesunchi, 1981; 
Knox et al., 1981; Chow, 1982; Mollah and Tan, 1982; Walton and 
Cowey, 1982; Warren et al., 1982; Cho, 1983; Coelho, 1983; Dabrowski 
et al., 1983; Cadena-Roa et al., 1984; Hilton et al., 1984; 0'Grady 
and Spillett,1984; Law, 1986). The qualitative and quantitative 
aspects of supplementary feeding have been thoroughly reviewed by 
Ghervinski et al.(l968), Hepher (1975), Rumsey and Ketola (1975), 
Millikin (1982, 1983), Ueki (1982), Waas and Strawn (1982), Barash 
(1984), Lovell- and Buston (1984), Meske (1984) and Ruhdel (1984). 
Artificial feeding of fishes in most of the cases is recommended 
till the farmed population attains harvestable size in shortest 
possible period of time. This is an effective way of attaining 
the goals set in aquaculture. Present results as well as data 
furnished b}/ Brett (1971), Yingst and Stickney (1979), Reinitz (1983) 
Santiago _et al. (1983) and Knyazeva et al. (1984) lay special 
emphasis on the use of practical diets right from the early stages 
of fish for optimum results. In this work feedstuffs of both plant 
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and animal origin were selected for experiments. The former 
category of products included l inseed o i l cake, mustard o i l cake, 
cotton seed, water hyacinth, wheat bran, sugarcane roiJigha^e, 
gooseberry meal, and the l a t t e r category comprised frog offal 
meal, slaxighter house waste, blood meal, egg shel l s and meal of 
an insect pest of agricul ture (Hieroglyphus nigrorepletus) . Some 
of these products are outright wastes and the others are available 
at economical r a t e s . Some of the items tested on fishes as feed 
ingredients are described below: 
Oil cake of l inseed (Linum usitatissimum); I t i s a good source of 
protein (35% approx.) and i s known to possess f a i r ly high d iges t i -
b i l i t y and biological value according to Kuppuswamy et^ a l . (1958). 
These authors have stated tha t the expeller-pressing involved in 
o i l cake preparation improves the nu t r i t i ve value of the product. 
Further, the toxic glucoside content of the linseed i s destroyed 
by heat or mere contact with water. Linseed o i l cake i s suggested 
as a subst i tu te of mustard o i l cake. The l a t t e r has appreciable 
quant i t ies of glucoside which forms crotonyl-isothiocyanate, a 
toxic product. The linseed o i l cake i s available at lower price 
and i s more acceptable to f i sh . 
Sugarcane roughage; I t i s a machine-pressed mass of sugarcane 
produced in substantial quant i t ies in a l l indus t r ia l enterprises 
involved in extracting ju ice . Such small-scale indust r ies are 
seen in fa i r ly large numbers and appear to be flourishing a l l over 
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the country. The byproduct is burnt, since it is not commonly 
used as part of the fodder for farm animals. The supply is 
seasonal but production is so high and chances of spoilage so 
low that if the surplus is sun dried and stored, it will meet 
the demands of fish farms round the year. The roughage is a 
rich source of carbohydrate and fiber. After grinding the product 
becomes acceptable to fish. 
Water hyacinth; This aquatic plant infests inland water bodies, 
especially sewage fed canals and is considered obnoxious. It is 
costless. The vegetation was obtained from drains in the dis-
trict and washed before drying and grinding. The product was 
rich in carbohydrate (particularly cellulose) and minerals. 
Cotton seed (Gossypium herbaceum); The vast production of cotton 
in different parts of the world yields large quantities of cotton 
seed. The protein content of the seeds is 30-40%. The protein 
is of high biological value. The use of cotton seed meal as 
animal feed is hampered by the presence of a phenolic constituent, 
gossypol, which is toxic to non-ruminants. Different methods have 
been employed for detoxification, all of which involve heat 
processing. The processed seed is acceptable to fishes. 
Egg shells; Shells of poultry eggs are available in abundance 
and in all seasons. This 'outright waste' is a soxorce of minerals, 
especially calcium and can be preseirved without any chance of 
deterioration. 
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Meals of blood, offals of f ish and fro^;. and of paddy peat: These 
are the most important soiirces of high quality protein. Blood i s 
procured from slaiighter house free of cost, whereas the remains 
of frog after the hind legs are chopped off, find no proper ou t le t . 
Fish offal , including viscera, skin, e tc . were procured as a mixed 
lo t from local f i sh market at throw-away price or without any cost. 
The products (blood and offal) were washed and heated under high 
pressure. The cooked mass was transferred to thermostat running 
at 100 C and af ter drying the same was powdered. The paddy pest 
(Hieroglyphus nigrorepletus) was collected from local f i e lds 
during monsoon season and t reated with hot water. The dead insects 
were then boiled and pressed. The pressed mass was placed in 
thermostat at 100°G and powdered af ter complete drying. 
Biochemical quality of diet exerts varying degrees of 
influence on t issue chemistry. The changes are par t icular ly 
in teres t ing when related to biosynthesis of t i s sue building and 
storage substances. At l eas t in some cases the resu l t s on food-
growth-body composition are worth taking note of. Dietary protein 
also played an important ro l e in physiology, nu t r i t iona l s ta tus 
and growth of the fishes and hence most of the work focuses on 
the requirement of t h i s nu t r ien t . Aa efficient u t i l i z a t i on of 
protein for building and optimum growth of t i s sues requires that 
other nut r ients such as carbohydrates and fa t s are also present 
in the diet in definite proportions. Of par t icu la r significance i s 
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the examination of protein requirements of fish at early stage of 
their life. The changing pattern with age too is useful from 
the view points of physiology and cultivation. Attempt has been 
made by the author to evaluate protein requirements in reared 
freshwater fishes of various age classes using a variety of diets 
of different composition. Body proteins are in a continual state 
of turnover, being broken down and resynthesized in varying degrees. 
Protein synthesis requires the presence of amino acid raw materials 
and is under genetic control. The rates of synthesis depend on 
many factors. Generally, the rate is higher in liver than muscle 
but since the muscle mass usually accounts for 55-60% of fish 
weight, it could be the major site of producing protein. The 
present work, therefore, centers on biochemical profiles in the 
musculature. It is well established that protein synthesis is 
mainly responsible for growth (Bulow, 1970 and Mustafa, 1977a). 
Usually protein requirement of fish is about fifty percent of the 
food at fry stage but the value is lower in older specimens 
(NAS-NRC, 1973). A number of studies have been carried out on 
protein requirements of the teleostean fishes, but the results 
show considerable variations. The requirements change according 
to the experimental conditions such as the contents of amino acids 
(Mertz, 1969), digestibility, protein/energy ratio (Combs et al., 
1962; Fowler, et al., 1964; Gulbrandsen and Utne, 1977). Most of 
the papers published on protein requirements of rainbow trout show 
best growth with dietary protein level of 40-50%. Tiews et al.(1973) 
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and Sa t i a (1974) have found f a s t growth with 47-50% p ro t e in . 
Zeitoun et^ a l . (1973) and Oho et_ aJL. (1976a) repor ted optimum 
growth with 40-50% p r o t e i n . However, the p ro te in content with-
out s imultaneously looking at the t o t a l energy content and the 
p ro t e in q u a l i t y in t he feed can r e s u l t in misleading conclusions. 
Increas ing the p ro t e in content in the d i e t s to about 50% has f r e -
quently caused considerable improvements in feed conversion r a t i o 
(Wurzel and Honig, 1967; Bohl, 1970; Sa t i a , 1974; Koops e^ a l . , 
1976). P ro te in metabolism in adtilt f i s h e s i s assessed through 
changes in turnover of t h i s n u t r i e n t i n t he whole body (Rosenlund 
et a l . , 1984; Fauconneau and Amal , 1985; Fauconneau et a l . , 1 9 8 6 ) , 
but some workers a lso r e l a t e the p ro te in turnover sequence to 
environmental changes (Fauconneau, 1985). 
Dietary p ro te in i s subjected t o enzymatic hydrolys is to 
y i e ld amino a c i d s . These end products en te r the blood and get 
d i s t r i b u t e d through the c i r c u l a t o r y system. They seirve as bui lding 
blocks of p ro t e in . Suff ic ien t energy i s indeed needed t o accomt)-
l i s h t h i s process of the conversion of food into f ish t i s s u e s . 
When growth occurs the t o t a l body energy increases according to 
the g ross combustion energ ies of the new t i s s u e components. Although 
d i e t a ry p ro t e in s are mainly d iver ted for bu i ld ing and growing of 
body t i s s u e s but whether the same are associa ted with catabolism 
or anabolism depends on the a v a i l a b i l i t y of o ther energy n u t r i e n t s 
which play sparing ro l e fo r p r o t e i n . Thus, the non-prote in energy 
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in practical diets influences the quantity of protein required 
for optimum growth. Pishes, like many other animals, regulate 
food consumption in order to exercise control on energy intake 
(Rozin and Mayer, 1961} Adolph, 1981; Schwarz and Kirchgenssner, 
1984). Several authors have performed experiments to examine 
the protein requirements of fish and the protein:energy ratio of 
diets has emerged as a useful parameter (Tiemeier ejb al., 1965; 
Ringrose, 1971; Lee and Putnam, 1973; Cowey et al., 1975; Takeda 
et-al., 1975; Gulbrandsen and Utne, 1977; Reinitz et al., 1978; 
Bromley, 1980; Fowler, 1980; Jauncey, 1982; Jobling and Wandsvik, 
1983; Weatherley and Gill, 1983; Kaushik and Luquet, 1984; Zeitler 
et al.. 1984). Several authors have dwelt upon the subject of 
protein nutrition in fishes. They are Gerking (1971), Nose and 
Aral (1972), Murray et al. (1977), Davis and Stickney (1978), 
Bromley (1979), Mazid et al. (1979), Newman et al. (1979), Rychly 
(1980), Powler (1981), Smith (1981), Yang et al. (1981), Pfeffer 
(1982), Wee (1983), Clarke and Higgs (1984), DeSilva and Perera 
(1984) and Wang et. al. (I985a,b). The protein requirements of 
fishes are more than twice those of terrestrial mammals (Love, 
1970). It is an undeniable fact that growth can be promoted 
through high protein level and balanced rations. By accumulation 
of protein and other organic substances, the cells of fish become 
heavier and more voluminous. The daily turnover of body protein 
is greater than the amino acid intake, showing that reutilization 
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of amino acids i s a major contributory factor to the economy of 
protein metabolism. Pish n u t r i t i o n i s t s are primarily interested 
in the amount of dietary energy available for the production of 
fish f lesh. Obviously, the energy balance of the body i s an 
important factor in determining nitrogen balance and influences 
the u t i l i z a t i o n of dietary protein. The magnitude of the basal 
energy needs and of the t o t a l amount of protein turned over are 
both related to active t i ssue mass (Blaxter 1978 as quoted from 
WHO technical-report 1985; Reeds and Lobley 1980 as quoted from 
WHO technical report 1985). There are , however, other ways in 
vdiich the in teract ions between energy and protein metabolism are 
impoirtant in re la t ion to protein requirements. Calloway (1975 
as quoted from WHO technical report 1985) has demonstrated that 
at any given level of dietary protein, addition of energy improves 
nitrogen balance un t i l the response reaches a plateau, which r e -
presents the l imi ta t ions imposed by dietary protein leve l . Munro 
(1964) suggested tha t increase in the plane of energy intake 
enhances protein synthesis and reduces amino acid oxidation. 
Dietary proteins differ in biological value. Those of 
lower value are l e s s capable of promoting growth and living 
standard of the f ish. Calorific intake influences the biological 
value of protein. The main reason for var iat ions in the biological 
importance i s a t t r ibuted to amino acid composition. Thus, when the 
significance of the non-protein nut r ien ts of the diet is considered. 
- 12 -
the data on qual i ta t ive and quanti tat ive analyses of protein 
component of the feed 1260011163 important in interpreta t ion of 
the re la t ive physiological importance of the nut r ients and per-
formance of the diet in nu t r i t ion of the f i sh . 
The protein requirements of f ishes have "been widely 
discussed hut re la t ive ly l i t t l e a t tent ion has "been given to 
requirements and u t i l i z a t i o n of f a t . Fats are important to 
spare protein for growth. The available evidence shows that the 
amount of v iscera l fat i s very closely related to in tensi ty of 
feeding, and the changes in the coefficient of fat content fair ly 
ref lec t var ia t ions in t o t a l fat content of the f i sh . Carbohydrate 
content of the d ie t i s more effective than fat as a readily avai-
lable source of energy. Low cost dietary ingredients seem to 
promote the synthesis of glycogen by way of enhancing the conver-
sion of monosaccharides (glycogenesis) or anabolic transformation 
of the products of catabolism of l i p i d s (glyconeogenesis). Glycogen 
const i tutes a reserve from which glucose can be derived quickly 
when the s i tua t ion so demands. Glycogen accumulation involves 
dsDogition of considerable quantity of water. Storage of each 
gram of glycogen i s accompanied by at leas t three grams of water 
(Nielsen, 1979). The amount of fat u t i l i zed is replaced by water 
which accompanies glycogen accumulation. The use of carbohydrate 
sources in the diet i s judged by t h e i r d iges t ib i l i t y and f i s h ' s 
ab i l i ty to metabolize the absorbed monosaccharides. The role of 
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carbohydrates in the intermediary metabolism of f i sh has been 
reviewed by Hochachka (1969), Tarr (1972) and Demael (1978). The 
q u a n t i t a t i v e aspec ts of s u b s t r a t e u t i l i z a t i o n by f i sh in r e l a t i o n 
to exerc i se have been summarized by B i l i n s k i (1974) and Driedzic 
and Hochachka (1978). 
Changes in l i v e r weight within normal l i m i t s are considered 
by severa l authors as parameters of f i s h s ' condi t ion . Increase in 
the l i v e r somatic index r e s u l t s ch ie f ly from the accumiilation of 
glycogen. Many workers (Bulow, 1971; Tyler and Dunn, 1976; Jensen, 
1979; Shams, 1980; Mustafa and M i t t a l , 1982) have a t t r i b u t e d the 
s e n s i t i v i t y of l i v e r to change in food in take and general hea l th 
s t a t u s of t e l e o s t s . They have suggested use of l i ve r - somat i c 
index as an i nd i ca t i on of condi t ion of the f i s h e s . Several workers 
have explained the shor t - term changes i n t h i s parameter as r e l a t ed 
to da i ly food in take (Heidinger and Crawford, 1977), food storage 
(Bulow £ t a l . , 1978) and sexual maturat ion (Love, 1980). While 
i n t e r e s t in study of l i v e r weight change in r a t h e r recent comnared 
to the use of body weight in evaluat ing somatic condit ion of f i s h . 
Length-weight r e l a t i o n s h i p s (growth of body weight per uni t length) 
have been used ex tens ive ly for y ie ld ing information important in 
f i s h e r i e s management. The two main purposes of length-weight 
formulae inc lude : 1) de r iva t ion of a mathematical equation between 
l eng th and weight so t h a t one can obta in the value of one of these 
parameters when the o ther i s known, and 2) to assess the general 
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well being, robustness and body condition. The condition factor 
(ponderal index) can also be derived from the length-weight 
formula. Change in th is-coeff ic ient towards a higher side when 
fish i s provided a par t icu lar diet indicates be t t e r nu t r i t iona l 
efficacy of the diet and implies that the specimens tend to put 
on more weight/tmit body length. In t h i s study length-weight 
re la t ionships and condition coefficients were used to evaluate 
the effects of a r t i f i c i a l d ie t s on the re l a t ive heaviness and 
health condition of the f ishes. In addition to ponderal index, 
some biochemical parameters are also being worked out as sensitive 
indices of l iving condition of f i shes . Several authors (Brett 
et a l . , 1969 and Groves, 1970:Oncorhynchus nerka; McComish et a l . , 
1974:Lepomis macrochirus; E l l io t , 1976;Salmo t r u t t a ; Craig, 1977: 
Perca f l u v i a t i l i s ) have worked out the re la t ionships of growth 
exponent and ponderal index with l i p i d or protein contents. Mustafa 
(1979) and Mustafa and Zofair (1983) have reported l inear progre-
ssion of some RNA and protein with condition coefficient of some 
a i r breathing t e l e o s t s . The correlat ion between MA turnover 
and growth ra te of fishes has also been established. Mustafa and 
Ja f r i (1981) correlated the dynamics of change in glycogen with 
the condition coefficient of catf ish Heteropneustes f o s s i l i s . The 
authors expl ic i t ly indicated glycogen as an index of robustness 
or general well being of f ishes . Further investigations on these 
l i ne s are under progress. 
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The performance of fornnilated d ie t s in fishes can be eva-
luated by observations of weight gain, conversion efficiency and 
body composition under given culture regimes. Studies on n u t r i -
t ional requirements are paramount in compounding pract ica l feeds 
for f i shes . The rat ion quality and quantity influence growth and 
health of f ishes. This thes i s embodies author 's work on formulation 
of economically feasible balanced feeds and r e su l t s of t he i r t r i a l 
on commercially important f i shes . Besides, the hydrodsniamic fa tors 
of natural and cul tural ecosystems have also been considered for a 
be t te r assessment of the conditions obtaining in f ishes . 
CHAPTER I 
GROWTH AND 'CONDITION' OP TELEOSTEAN PISHES IN RELATION TO HYDRO-
DYNAMIC PACTORS OP ENVIRONMENT 
INTRODUCTION 
A r ev i ew of l i t e r a t i i r e r e v e a l s t h a t d e s p i t e c o n s i d e r a b l e 
work on t h e b i o l o g y of f r e s h w a t e r f i s h e s of t h e p l a i n s i n t h e 
s u b - c o n t i n e n t l i t t l e i n f o r m a t i o n e x i s t s on t h e ecology of f i s h e s 
fotmd a t h igh a l t i t u d e s . This i s one of t h e r e a s o n s f o r l a c k of 
any r a t i o n a l e x p l o i t a t i o n of f i s h e r y r e s o u r c e s of wa te r s which a r e 
r e l a t i v e l y pure and f r e e of p o l l u t i o n . Undoubtedly , c a p t u r e of 
f i s h e s from f a s t f lowing h i l l s t r e a m s and r i v e r s i s d i f f i c u l t but 
t h i s i s no j u s t i f i c a t i o n f o r t h e p r e s e n t s t a t e of a f f a i r s . Absence 
of i n t e r e s t even i n c u l t u r e f i s h e r y i n most h igh a l t i t u d e r e g i o n s 
i n d i c a t e s n e g l e c t r a t h e r t h a n magnitude of problems invo lved or 
a n t i c i p a t e d . The v a s t n e s s of w a t e r r e s o u r c e s and p r e v a i l i n g clement 
c o n d i t i o n s c a l l f o r a m b i t i o u s p r o j e c t s e n v i s a g i n g s t u d i e s on t h e 
hydrob io logy w i t h p a r t i c u l a r r e f e r e n c e t o b ionomics of commercial ly 
i m p o r t a n t f i s h e s and p ropaga t ing t h e cause of p i s c i c u l t u r e . T i l l 
t h i s work i s done t h e human p o p i i l a t i o n of the concerned r e g i o n s 
w i l l remain depr ived of a r e g u l a r supply of q u a l i t y food from w a t e r . 
During t h e coxzrse of a g e n e r a l survey of h igh a l t i t u d e f i s h e s 
t h e a u t h o r s had t h e chance of obse rv ing t h e runn ing wate r ecosys tems 
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i n N e p a l . According t o a v a i l a b l e e s t i m a t e s t h e w a t e r cove r s 
5 ,76 ,011 h a c t a r e s i n a t o t a l a r e a of 1 ,41 ,00 square k i l o m e t e r s 
of t h i s l a n d l o c k e d and a d v e n t u r o u s Himalayan Kingdom. The wate r 
i s not e x p l o i t e d f o r o r g a n i z e d commercial f i s h e r i e s , a l t h o u g h used 
e x t e n s i v e l y i n a g r i c u l t u r e , e s p e c i a l l y i n paddy c u l t i v a t i o n . To 
h i g h l i g h t b o u n t i e s of wa te r r e s o u r c e s and t o a s s e s s t h e q u a l i t y of 
i c h t h y o f a u n a samples were c o l l e c t e d a t t h e conf luence of h i l l 
s t r eams and Bagmat i , a major r i v e r of t h e a r e a . Data on p h y s i c o -
chemical p r o p e r t i e s of t h e w a t e r and growth of mur re l Ghaona 
p u n c t a t u s ( l o c a l name, B h o t e , G a r a i ) , a t e l e o s t which predominated 
i n t h e c a t c h e s , a r e p r e s e n t e d i n t h i s communicat ion. Other s p e c i e s 
caught b u t i n smal l number was c a t f i s h H e t e r o p n e u s t e s f o s s i l i s 
( S i n g h i - N e p a l i ) . P rogs were found l e a p i n g i n t h e marg ina l v e g e t a t i o n 
o r occupying smal l d i t c h e s and w a t e r s h e d s along t h e water c o u r s e . 
Sugges t i ons f o r improvement of t h e environment have been made. 
MATERIALS AND METHODS 
F i s h e s were sampled a t t h e h i l l s t ream - Bagmati r i v e r c o n f l u -
ence , a few k i l o m e t e r s n o r t h of Gausa la c e n t r a l i n Kathmandu V a l l e y , 
l y i n g between n o r t h e r n Himalayan peaks capped by g l a c i e r s and 
s o u t h e r n boundary of Mahabharata r e g i o n . The a r e a of i n v e s t i g a t i o n 
i s N e p a l ' s midland a t an average a l t i t u d e of more t h a n 2000 m e t e r s . 
The r e g i o n i s t e m p e r a t e , f e r t i l e w i th lu j cu r i an t growth of p l a n t s . 
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Water and f i s h e s were sampled du r ing t h e b r i g h t forenoon hou r s i n 
t h e l a s t week of October 1 9 8 3 . Methods used f o r de te rmin ing t h e 
t e m p e r a t u r e , d i s s o l v e d oxygen c o n t e n t and pH of t h e w a t e r were t h e 
same a s adopted e a r l i e r (Mustafa and Ahmad, 1 9 8 4 ) . 
Specimens of Ghanna p u n c t a t u s were measured f o r t o t a l l e n g t h 
and body we igh t . The r e l a t i o n s h i p between t h e s e two p a r a m e t e r s was 
e s t a b l i s h e d th rough t h e r e g r e s s i o n e q u a t i o n : 
Log W = l o g a + b l o g L 
where, W = body weight ( g ) , 
L = t o t a l l e n g t h (cm), 
l o g a = c o n s t a n t , 
b = exponent . 
' l o g a' and 'b* were c a l c u l a t e d by t h e method of l e a s t s q u a r e s . 
C o r r e l a t i o n c o e f f i c i e n t ' r ' was computed accord ing t o t h e s t a n d a r d 
fo rmula . The p o n d e r a l index ( c o n d i t i o n f a c t o r , K) was e v a l u a t e d 
t h u s : 
rr _ Body weii^ht of i n t a c t f i s h (g) y i nn 
^ ~ Cube of t o t a l l e n g t h (cm) "^  ^^^ 
The v a r i a b i l i t y of pondera l i ndex of i n d i v i d u a l f i s h specimens 
was a s s e s s e d by t - t e s t a s a p p l i e d f o r u n p a i r e d a n a l y s i s . H e t e r o g e -
n e i t y i n t h e f requency of d i s t r i b u t i o n of t h e two a i r - b r e a t h i n g f i s h 
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s p e c i e s encoun te red , Channa p \ancta tus and H e t e r o p n e u s t e s f o s s i l i s , 
2 
was de t e imined by c h i - s q u a r e (X ) t e s t . Methods employed f o r 
2 
s t a t i s t i c a l p r o c e s s i n g of ' l o g a ' , ' b ' , ' r ' , ' t ' and 'X ' a r e 
g i v e n by Snedecor and Cochran ( 1 9 6 8 ) . 
RESULTS AND DISCUSSION 
I n p o i k i l o t h e r m a l an imals such a s f i s h e s p h y s i c a l f a c t o r s 
of t h e env i ronment , p a r t i c u l a r l y t e m p e r a t u r e , profo\ indly i n f l u e n c e 
t h e p r o c e s s of growth . B e s i d e s e f f e c t i n g d i r e c t l y , t h e t e m p e r a t u r e 
a l s o i n t e r f e r e s with growth throizgh a s e r i e s of i n t e r r e l a t e d f a c t o r s . 
While g i v i n g a comprehensive account of a m u l t i t u d e of f a c t o r s 
N iko l sky (1963) cons ide red growth as a s p e c i f i c a d a p t i v e p r o p e r t y 
c o n d i t i o n e d on t h e u n i t y of s p e c i e s and environment i t i n h a b i t s , 
and e x p l a i n e d t h e t h e r m a l opt ima of f i s h e s a t which t h e i r me tabo l i c 
r a t e s and growth a r e h i g h e s t . I n a dynamic h a b i t a t v a r i a b i l i t y i n 
t h e growth r a t e and hence season-dependen t growth ' p t i l s e s ' i s 
u n d e r s t a n d a b l e i n f i s h e s of t h e same s p e c i e s . Growth v a r i a t i o n s 
r e s t i l t i n g from t h e i n t e r a c t i o n of f i s h e s wi th t h e env i ronmenta l 
f a c t o r s have been reviewed by Mustafa (1978a) and J a f r i _et a l . (1978), 
Close t e m p e r a t u r e - growth r e l a t i o n i s presumable i n t e m p e r a t e 
c l i m a t e of Kathmandu V a l l e y ^ e r e t o n p e r a t u r e v a r i e s s i g n i f i c a n t l y 
i n d i f f e r e n t s e a s o n s . 
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The pH of the water averaged 6 . 5 . Jhingran (1980) reported 
values 6.5-9 su i t ab l e fo r f i s h e s and explained t h a t ac id i c water 
reduces a p p e t i t e and a lka l i ne medium tends to lower t h e dissolved 
oxygen. Both condi t ions are de t r imenta l to ichthyofauna. Effects 
of a p p e t i t e and dissolved oxygen on f i sh growth have been ou t l ined 
by Mustafa (1978a). Oxygen content of water heated by s o l a r r a d i a -
t i o n s ( temperature :water , 18 G; siir, 21^0) during b r igh t day hours 
was 3.5 p a r t s per mi l l i on . I t was wel l within the to le rance l i m i t s 
of f i s h . 
According t o Odum (1971) pH and ca3?bon dioxide content of 
water a r e not always l i n e a r l y r e l a t e d ; r a t h e r the a l t e r a t i o n in pH 
per un i t change in COp depends on buffer ing capaci ty of W'^t9r. 
Obvioubly, dynamics of change in COp content must be more c r i t i c a l 
in the h i l l streams observed since in t h e i r sof t water the incor -
pora t ion of given amount of COp in photosynthesis and i t s conse-
quent ia l decl ine in the water b r ings about a f a r more increase in 
pH than in well buffered marine water . 
To evaluate in exact q u a n t i t a t i v e terms how well murrels were 
l i v ing in the environment ga ins in t h e i r weight per uni t of body 
l eng th were analysed. The un iversa l p r a c t i c e in f i she ry biology 
i n v e s t i g a t i o n s i s t o formulate t h e r e l a t i o n s h i p between length and 
weight through regress ion models and der ive t he ponderal index. The 
length-weight equation for Ghanna puncta tas was: 
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log W = -1.8311 + 2.7502 log L 
r = 0.957 (P^lO.OOl), df 200 
I t i s clear from the above equation that growth of the two 
variables deviated, though l i t t l e , from the cube law. Body weight 
increased a l i t t l e l e s s than cube of the length (precisely 2.75 times) 
The ponderal index averaged 0.945. The high correlation coefficient 
for the length-weight re la t ion , small values of standard error(0.026) 
and the ' t ' for individual f ish from integrated mean (P>0.50) of 
ponderal index implied: l ) def ini te progression of length and weight, 
with individual var ia t ions remaining quite l imited, 2) that specimens 
of the population were, by and large , in comparable health status and 
l iving condition. 
The fish seemed to avoid the swiftly flowing water of the 
turbulent/shooting streams of mountainous t e r r a i n and nreferred 
depressions at the base of marginal t r ee s . Schooling tendency in 
the fish was evident from catch per \mit effort analysis in different 
segments of the l o t i c environment. 
Significantly high value of chi-square (P< 0.005) based on 
numerical strength of the two species of fish indicated heterogeneity 
in the i r d i s t r ibu t ion . 
After the exhaustive survey and indepth analysis of data the 
authors have been able to make certain recommendations and express 
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optimum: 
Culture of frogs, prawns and some fish species in the paddy 
f ie lds i s strongly recommended. Paddy farming i s the most wide-
spread and popular profession in t h i s natural ly i r r igated country 
which knows leas t human manipiolations. Combining this cult ivation 
with popiilations of compatible animals wi l l supplement the income, 
ensure year-round employment and supply of quality food. Better 
yield of fislies, frogs and paddy in composite farming reported in 
India and several countries of south-east Asia speaks for socio-
economic impact of such labour-intensive enterpr ises . 
The remarkable success achieved in introducing t routs in 
waters at high a l t i tudes indicates that the game fishes will thrive 
well in s teadi ly flowing, cool and pure water of the h i l l streams 
and r ivers of Nepal. An ambitious program may be taken up in a big way 
to popularize sport f ishing. 
Fortunately, there i s no alarming meddling with the natural 
growth of t r ees and shrubs along the stream banks. The plants 
provide shade which i s helpful in keeping the water cool, enabling 
i t to have a higher oxygen-carrying capacity. Roots of the plants 
serve to bind the banks, r e s i s t soi l erosion, loca l ly cur ta i l the 
force of cuirrents and provide substratum for f ishes that may at 
times require refuge. Other wild animals, par t icular ly frogs, also 
need marginal vegetations for shel ter , predation on insects hovering 
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near the water, shoxild they ventiire out of water as part of t h e i r 
normal l i v i n g . 
Impoundment of stream water and i n s t a l l a t i o n of de f l ec to r s 
at c e r t a i n regions may be considered on l i m i t e d scale for ensuring 
b e t t e r condi t ions f o r aqua t ic fauna, e spec i a l l y during summer and 
breeding season. 
SUMMARY 
H i l l streams and r i v e r s at a l t i t u d e of more than 2000 meters 
in the Kathmandu Valley were surveyed. Physico-chemical prot jer t ies 
of the water including temperature, pH and dissoved oxygen concen-
t r a t i o n were recorded. The a i r breathing t e l e o s t Ghanna pxmctatus 
was procured for study of growth and condi t ion . Weight of the f i sh 
was found to grow 2.75 times the body length and the condit ion 
f a c t o r was 0 .94. The observat ions ind ica ted good p o t e n t i a l of the 
high a l t i t u d e flowing waters . Suggestions fo r t h e i r r a t i o n a l 
eCOdevelopment have been made. 
CHAPTER-II 
PROTEIN AND GLYCOGEN RESPONSE OE AGE-0 MAJOR CARP CIHRHINA MRIGALA 
TO PEED QUALITY AT CONSTAITT RATION SIZE 
INTRODUCTION 
A survey of l i t e r a t i o r e on f i s h n u t r i t i o n r e v e a l s c o n s i d e r a b l e 
i n t e r e s t In. b iochemica l i n d i c a t o r s of growth, h e a l t h and g e n e r a l 
c o n d i t i o n of f i s h (Bulow, 1970, 1 9 7 1 ; Mustafa and J a f r i , 1976; 
Mustafa , 197713, 1978b, 1979; Buck ley , 1 9 7 9 a , b , 1980; Mustafa and 
Z o f a i r , 1 9 8 3 ) . The d a t a mainly p e r t a i n s t o RNA and DNA. Attempts 
have a l s o been made t o c o r r e l a t e changes i n n u c l e i c a c i d s wi th 
q u a l i t y o r q u a n t i t y of r a t i o n (Bouche e t a l . , 1970; Mustafa and 
J a f r i , 1977; Bulow ejt ^ . , 1978; Satomi and Tanaka, 1973a ,b ; Mustafa 
and M i t t a l , 1982; Haque, 1986) . The on ly r e p o r t a v a i l a b l e i n r e c e n t 
work r e l a t i n g g lycogen and f a t w i th c o n d i t i o n index of t e l e o s t e a n 
f i s h i s t h a t of Mustafa and J a f r i ( 1 9 8 1 ) . The p r e s e n t s tudy was 
des igned t o u n d e r s t a n d i f p r o t e i n and g lycogen b e a r any r e l a t i o n 
wi th n a t u r e of d i e t and how s e n s i t i v e t h e s e c o n s t i t u e n t s a r e i n 
responding t o a r t i f i c i a l l y fo rmu la t ed f e e d s w i th d i f f e r e n t n u t r i -
t i o n a l e f f i c a c i e s . The p r a c t i c a l d i e t s were compounded u s i n g 
c o s t - e f f e c t i v e o r throw-away p r o d u c t s keeping i n view t h e impor tance 
of w a s t e - r e c y c l i n g and economics i n v o l v e d i n a r t i f i c i a l f e e d i n g of 
c u l t i v a b l e f i s h e s . The t e s t s p e c i e s , C i r r h i n a m r i g a l a . i s a major 
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caxp which i s of c o n s i d e r a b l e commercial v a l u e and i s e x t e n s i v e l y 
used i n a q u a c u l t u r e i n t h e s u b - c o n t i n e n t . R e s u l t s o b t a i n e d a r e 
of u n i v e r s a l impor tance inasmuch a s t h e d i e t a r y i n g r e d i e n t s s e l e c t e d 
can be used i n supplementary f eed ing of o t h e r c a r p s of bo th t empera t e 
and t r o p i c a l env i ronmen t s . 
MATERIALS AND METHODS 
Under y e a r l i n g s of G i r r h i n a m r i g a l a ( t o t a l l e n g t h , 8 . 3 - 1 1 . 4 cm 
and body we igh t , 3 . 1 - 5 . 2 g) were p r o c u r e d from a d e r e l i c t f r e s h w a t e r 
pond a t Al iga i i i ( L a t . 27° 30 ' 3 0 " N, Long. 78° 9 ' 2 6 " E ) . According 
t o r e l i a b l e u n i v e r s i t y r e c o r d t h e spec imens were 8 months o l d . The 
f i s h were m a i n t a i n e d i n a e r a t e d t a n k s , each of 70 l i t r e s ca-oaci ty , 
and exposed t o n a t u r a l p h o t o p e r i o d . Tempera ture , d i s s o l v e d oxygen 
and pH of t h e medium were 26-28°G, 4 . 5 ppm and 7 . 5 , r e s p e c t i v e l y . 
Water was changed a t 24-hour i n t e r v a l . Four t y p e s of d i e t s were 
p r e p a r e d . T h e i r f o r m u l a t i o n has been i n d i c a t e d i n Table I . The 
f e e d s were d r y , f i n e l y g r a i n e d and s u p p l i e d d a i l y a t t h e r a t e of 
3% of body weight of f i s h . Th is r a t i o n s i z e was dec ided a f t e r 
p r e l i m i n a r y f eed ing t r i a l s t o ensu re t h a t t h e f i s h were fed t o 
s a t i e t y and food d id no t go w a s t e . 30 Specimens c o n s t i t u t e d each 
b a t c h . Af t e r two weeks of t h e e x p e r i m e n t a l p e r i o d t h e specimens 
were removed, r e c o r d e d f o r weight and d e c a p i t a t e d . Care was 
e s p e c i a l l y t a k e n t o avoid e x e r c i s e of f i s h duxing c a p t u r e and 
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immobil izat ion. Muscle samples were d i s s e c t e d out immediately 
from a f ixed l oca t i on in the t runk region below the place of 
o r ig in of dorsal f in and above the l a t e r a l l i n e and processed 
for q u a n t i t a t i v e es t imat ions of p ro t e in and glycogen. Pro te in 
was est imated by the technique of L'owry e;t a l . (1951). 0 .1 g of 
fresh t i s s u e sample was homogenized in 2.0 ml d i s t i l l e d water and 
t r e a t e d wi th two volumes (2 .0 ml) of 10/1 t r i c h l o r o a c e t i c acid(TGA). 
The conten ts were centr i fuged at 3000-4000 rpm f o r 15 minutes. 
Supernatant containing the acid soluble substances was discarded. 
This process was repeated 2-3 t imes . The p e l l e t was washed 3-4 
times with r e c t i f i e d s p i r i t to remove the l i p o i d a l substances . 
Pa t - f ree res idue so obtained was t r e a t e d with 1.0 ml of IN sodium 
hydroxide and heated fo r about 10-15 minutes i n a bo i l ing water 
bath fo r d iges t i on of t i s s u e s . Contents were allowed to cool to 
room temperature in running water. Volume of contents was then 
ra i sed to 10.0 ml by d i s t i l l e d water and the mixture was mixed 
thoroughly. An a l iquot of 0 .1 ml was d i l u t e d t o 2.0 ml with d i s t i l l e d 
water and mixed with 1.0 ml of carbonate-copper s o l u t i o n . After 
10 minutes standing a t room temperature 0 .1 ml of 1:1 d i lu t ed 
Pol in - phenol reagent was added and the contents uniformly dispersed. 
Following incubat ion for 30 minutes at room temperature , the co lo r 
i n t e n s i t y was read a t 500 m|j, wavelength using Beckman microprocessor 
model DU-5 spectrophotometer (UY-VIS-NIR). A blank was run s ide by 
s ide , tak ing 0 .1 ml of a mixture conta ining 1 par t of IN sodium 
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hydroxide and 9 p a r t s of d i s t i l l e d water and t r e a t i n g in a s imi la r 
way as described fo r t h e above s e t . P ro te in concentra t ion was 
ca lcu la ted by the help of standard curve prepared by r e l a t i n g the 
o p t i c a l dens i ty to micrograms of bovine serum albumin ( ? i g . l ) . 
P ro te in concentra t ion was expressed on percentage b a s i s . 
Glycogen was ex t rac ted by the method of Ashman and Seed (1973). 
0.5 g f resh t i s s u e was homogenized in 5.0 ml of 1.5X potassium 
hydroxide gaid t he homogenate centr ifuged for 15 minutes at 3000 rpm. 
Supernatant was discarded and the p e l l e t resuspended in 5.0 ml of 
1.5% potassium hydroxide. Mixture was placed in bo i l ing water bath 
for 30 minutes, and then cooled to room temperature . Contents of 
the tube received 5.0 ml of methanol. After thorough shaking and 
cen t r i fuga t ion at 3000-4000 rpm for 15 minutes, the supernatant was 
discarded and t i s s u e res idue suspended in 5.0 ml of IN hydrochlor ic 
acid . The contents were heated for 30 minutes in boi l ing water 
bath and f i l t e r e d . Glycogen was determined in the f i l t r a t e by the 
method of Montgomery (1957). An a l iquo t of 0 .1 ml was d i l u t e d to 
2.0 ml by adding 1.9 ml of d i s t i l l e d water . The so lu t ion was mixed 
with 0 .1 ml of 80% phenol and 5.0 ml of concentrated sulphuric ac id . 
The contents were mixed thoroughly and incubated for 30 minutes at 
room temperature . I n t e n s i t y of co lo r developed was recorded at 
490 m[i wavelength on Beckman microprocessor model DU-5 spectrophoto-
meter. Blank so lu t ion was processed simultaneously taking d i s t i l l e d 
water in s t ead of a l iquot in the same volume and t r e a t i n g i n a s imi l a r 
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way as d e s c r i b e d f o r t h e e x p e r i m e n t a l s amples . G-lycogen c o n c e n t r a t i o n 
was c a l c u l a t e d by t h e h e l p of s t a n d a r d c u r v e ( F i g . 2) p r epa red t a k i n g 
p u r i f i e d o y s t e r g lycogen . . G-lycogen c o n c e n t r a t i o n was r e c o r d e d on 
mg/lOO g wet weight b a s i s . 
RESULTS AND DISCUSSION 
Na tu re of a r t i f i c i a l d i e t i n f l u e n c e d t h e b iochemica l makeup 
of t h e m u s c u l a t u r e of C i r r h i n a m r i ^ a l a . I t can be seen from Table I I , 
P i g . 3 t h a t c o n c e n t r a t i o n s of p r o t e i n and g lycogen were h i g h e r i n 
specimens supp l i ed d i e t 'A* fo l lowed by t h o s e ma in t a ined on d i e t s ' 3 ' , 
• C and ' D ' . N u t r i t i o n a l e f f i c a c y of t h e s e d i e t s i s i n the same o r d e r 
a s e v i d e n t from t h e d a t a p e r t a i n i n g t o food c o n v e r s i o n e f f i c i e n c y , 
p r o t e i n e f f i c i e n c y r a t i o and s p e c i f i c growth r a t e of t h e f i s h 
(Table I I I ) o b t a i n e d i n t h i s l a b o r a t o r y by Haque (1986) i n a s e p a r a t e 
l i n e of work. P r o t e i n p e r c e n t a g e was 22 .2 i n d i e t 'A' and 19 .6 i n ' B ' . 
B e s i d e s , t h e q u a n t i t y of egg s h e l l , c o t t o n seed and blood meal ( t o t a -
l l i n g 10%) was r e p l a c e d by e q u i v a l e n t p r o p o r t i o n of suga rcane roughage 
i n f o i m u l a t i n g t h e l a t t e r t y p e of d i e t . Desp i t e t h i s s u b s t i t u t i o n of 
p r o t e i n by c a r b o h y d r a t e i n t h e d i e t 'B* t h e g lycogen con ten t of f i s h 
s u p p l i e d ' B ' was lower t h a n i n specimens f eed ing on » A ' . So was 
t h e case f o r p r o t e i n . E v i d e n t l y , d i e t a r y p r o t e i n i s more e f f e c t i v e 
i n i n f l u e n c i n g t h e body c o m p o s i t i o n . I t may a l s o be t h a t t i s s u e 
p r o t e i n i s more r e s p o n s i v e t h a n c a r b o h y d r a t e t o d i e t a r y a l t e r a t i o n s . 
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Ear l ier studies emphasizing the re la t ion of RNA level in the body 
to protein intake and the s t r ik ing ly d o s e correlat ion between 
BITA and protein (Mustafa and J a f r i , 1977; Mustafa, 1979; Mustafa 
and Zofair, 1983) leave no doubt that protein of the food supplies 
the raw materials from which the HNA synthesizes new proteins to 
take part in maintenance of t i s sue s already formed, growth of new 
ce l l s , besides other functions. The glycogen i s far more dynamic 
than protein (Mustafa, 1976a), Range of t he i r qual i ta t ive var ia-
t ions exceeds the changes tha t may be caused by dietary manip\xla-
t ions , and thus are not c r i t i c a l l y as important as the protein 
turnover. The fish obviously maintain the required level of carbo-
hydrate and even in excess in ant ic ipat ion of grea ter demands 
i r respect ive of the ingredient-subst i tu t ions in the food. Mustafa 
and Jaf r i (1981) have stressed that glycogen level i s closely related 
to growth and condition factor, and that these parameters chiefly 
depend on the ra te of protein biosjmthesis i s obvious from the work 
of Bulow (1971), Mustafa (1979) and Mustafa and Zofair (1983). As 
a matter of fact f luctuat ions in glycogen level in the body must be 
viewed in the l igh t of general l iv ing condition of fish rather than 
changes in nature of a r t i f i c i a l d ia t s exclusively. Body can produce 
glycogen not only from monosaccharide raw materials of diet but also 
by conversion of other food s tuffs , and i s capable of readily mobili-
zing i t for supply of energy e i ther by oxidation of breakdown products 
of glycogen or as an aid to fat combustion. The expression coined by 
Wilson e^ a l . (1967) that ' fa t bums in a flame of carbohydrate* 
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e x p l i c i t s t h e c a r b o h y d r a t e u t i l i z a t i o n i n t h i s p r o c e s s of e n e r g e t i c s . 
A comparison of t h e performance of remain ing of t h e d i e t s r e v e a l e d 
t h a t ' C was b e t t e r t h a n ' D ' , a l though p r o t e i n con ten t of t h e two _ 
was comparable ( ' C , 9 . 9 4 ; ' ' D ' , 9 . 3 8 ) . The l a t t e r was foim\iLated 
to c o n t a i n mus ta rd o i l cake and wheat b ran ( 5 0 : 5 0 ) , a c o n v e n t i o n a l l y 
used combina t ion . The d i e t ' C was same a s ' D ' except t h a t o i l cake 
of l i n s e e d was used i n s t e a d of t h a t of t h e m u s t a r d . F i sh s u p p l i e d 
t h i s food accumulated more p r o t e i n and g l y c o g e n . The d a t a h i g h l i g h t s 
t h e impor tance of l i n s e e d o i l . c a k e a s a s u b s t i t u t e of mustard o i l 
cake i n compounding a r t i f i c i a l d i e t s of major c a r p s . A more profound 
tu imover of p r o t e i n and g lycogen must be expec ted i f t h e f i s h i s i n 
growing p h a s e . The r e sponse i s more t a r d y i n t h e t e s t e d specimens 
which were s t u n t e d . They were o b t a i n e d from a d e r e l i c t w a t e r body 
i n t h e u n i v e r s i t y campus w i t h poor p r o d u c t i o n . The normal ly growing 
i n d i v i d u a l s of t h i s age a re known t o a t t a i n 20-22 cm l e n g t h , 100-130 g 
body weight on average b a s i s . The impor tance of supplementary feed ing 
i n e a r l y phase of l i f e of t he f i s h c h a r a c t e r i z e d by r a p i d growth r a t e 
i s , t h e r e f o r e , u n d e r s t a n d a b l e . 
SUimARY 
N u t r i t i v e v a l u e of a r t i f i c i a l l y compounded d i e t s , ' A ' , ' B ' , ' C , 
•D' was de te rmined on t h e u n d e r y e a r l i n g s of major carp C i r r h i n a mr iga ls 
Biochemica l c o n s t i t u e n t s ( p r o t e i n and g lycogen) were used a s t h e 
i n d i c a t o r s of d i e t a r y performance i n t h e f i s h . Highes t c o n c e n t r a t i o n s 
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of these constituents were encountered in specimens supplied diet 
•A', followed by 'B', 'C and 'D' in that order. Chemical quality 
of diet strongly influenced the compositions of body tissues. 
G-lycogen-was more responsive than protein to dietary modifications, 
Protein content of diet was most effective in changing- the bio-
chemical nature of tissues. Significance of the various dietary 
components used in this study in artificial feeding of cultivable 
carps has been elaborated. 
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Pig. 3 Concentrations of protein (white bars) and 
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Qirrhina mrigala fed different diets. Ver-
tical lines indicate standard error of mean. 
en 
Protein, °/o 
O en 
T 
o 
n T 
> -
UD-
O 
ri-
to 
> 
o-
a-
> 
1 1 
o o 
00 
o 
Glycogen,mg /lOOg 
O 
TABLE - I Relative proportions of ingredients in artificial 
feeds 
Dietary ingredients 
Proportions of ingredients 
B 
Mustard o i l cake 25 25 - 50 
Wheat b ran 25 25 50 50 
Sugarcane roughage 
Frog o f f a l meal 
Egg s h e l l 
Cotton seed 
Blood meal 
L inseed o i l cake - - 50 
20 
20 
2 
5 
3 
30 
20 
-
-
_ 
TABLE - I I P ro te in and glycogen concent ra t ions (fresh weight 
ba s i s ) in the muscle of Cirrhina mrigala supplied 
d i f f e ren t d i e t s 
Diets P ro t e in , % Glycogen mg/lOO g 
(Mean + Standard e r ro r ) (Mean + Standard e r ror ) 
A • 17.54 + 0.37 172.13 + 2.19 
B 16.46 + 0.34 157.30 + 4.25 
C 15.77 + 0.11 147.47 + 2.66 
D 13.93 + 0.38 116.49 + 1.52 
TABLE - I I I Growth sind n u t r i t i o n a l da ta of Cir rh ina mrigala 
Supplied d i f f e r en t compounded feeds (A,B,C,D) 
(Adopted from Haque, 1986) 
Parameters 
Diets 
A B C D 
Percentage gain in body 16.35 3.44 1.02 Ni l* 
weight, g 
Specif ic growth r a t e (%) 1.08 0.24 0.07 - 0.81 
Food conversion ef f ic iency 43.02 8.61 3.11 -25.19 
Pro te in ef f ic iency r a t i o 1.93 0.44 0.31 - 2.68 
Specimens l o s t 10.68% of t h e i r o r i g i n a l body weight. 
CHAPTIIMIJ 
GROWTH AND DTNAMIGS OF PROTEIN MD GLYCOGEN TURNOVER IN MUSGLE OP 
MAJOR CARP CIRRHINA MRIGALA PRY FED COST-EFFECTIVE COI^ OUNDED. DIETS 
INTRODUCTION 
I t i s e v i d e n t fixsm t h e d a t a p r e s e n t e d i n Chapter I I t h a t 
p r o t e i n and g lycogen c o n c e n t r a t i o n s i n t h e body b e a r a f a i r l y good 
r e l a t i o n with the compos i t ion of d i e t . The s e n s i t i v i t y of r e sponse 
emphasizes t h e u t i l i t y of t h e s e o r g a n i c c o n s t i t u e n t s as i n d i c a t o r s 
of l i v i n g s t a n d a r d of t h e f i s h and i n s t u d i e s concerning performance 
of a r t i f i c i a l d i e t s w i t h i n r e l a t i v e l y s h o r t e r p e r i o d s . The a p p r e -
c i a b l e t u r n o v e r of p r o t e i n and g lycogen i n s t u n t e d specimens used 
i n e a r l i e r work (Chap te r I I ) l e a v e s no doubt on f a r more profound 
changes i n t h e s e m e t a b o l i t e s i n f i s h s u p p l i e d a r t i f i c i a l d i e t s i n 
t h e e a r l y phase of l i f e . Th i s c h a p t e r p r e s e n t s an e l a b o r a t e account 
on t h i s a s p e c t . P o s t - l a r v a l s t a g e ( f r y ) of major ca rp Q i r r h i n a 
m r i g a l a were ma in ta ined on t h r e e c o s t - e f f e c t i v e d i e t s and t h e i r 
t i s s u e s were ana lyzed f o r p o s s i b l e v a r i a t i o n s i n p r o t e i n and g lycogen. 
The b iochemica l d a t a were then c o r r e l a t e d w i th r e l a t i v e g a i n s i n body 
weight p e r Tinit l e n g t h and c o e f f i c i e n t of c o n d i t i o n of t h e f i s h . 
R e s u l t s a r e d e t a i l e d h e r e . 
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MATERIAIiS AND METHODS 
G i r r h i n a m r i ^ a l a f ry ( a v e r a g e body l e n g t h 1.3 5 cm, average 
weight 0 .02 g) were randomly s tocked i n t h r e e b a t c h e s and main-
t a i n e d i n s e p a r a t e a r t i f i c i a l l y c o n s t r u c t e d ponds (3 f t x 3 f t x 3 f t ) 
Each b a t c h c o n s i s t e d of 100 spec imens . The t e m p e r a t u r e , pH and 
d i s s o l v e d oxygen c o n c e n t r a t i o n of t h e medium were 30-31 G, 7 . 5 , 8 ppm, 
r e s p e c t i v e l y . Water was renewed a t 24 hoiors i n t e r v a l . A f t e r a c c l i -
mat ion f o r 3 days t h e specimens of t h e v a r i o u s b a t c h e s were supp l i ed 
compounded d i e t s a t t h e r a t e of 4 t i m e s t h e i r body we igh t . The 
c o n s t i t u e n t s of t h e v a r i o u s d i e t s and t h e i r chemical composi t ion 
have been shown i n Tables I , I I . Feeding c o n t i n u e d f o r 4 weeks, a f t e r 
which t h e f i s h were removed immedia te ly d e c a p i t a t e d , and measured 
f o r l e n g t h and we igh t . Muscle samples from a f i x e d l o c a t i o n i n 
t r u n k were d i s s e c t e d out w i thou t l o s s of t i m e and p r o c e s s e d f o r 
q u a n t i t a t i v e e s t i m a t i o n s of p r o t e i n and g lycogen accord ing t o t h e 
methods d e t a i l e d i n Ghapter I I . 
Methods f o r e v a l u a t i n g t h e l o g a r i t h m i c r e l a t i o n s h i p between 
l e n g t h and weight of f i s h and t h e ponde ra l index were t h e same as 
d e s c r i b e d i n Chapter I . 
Ghemical a n a l y s i s of d i e t s ; Samples of the di:y d i e t s were p roces sed 
f o r q u a n t i t a t i v e e s t i m a t i o n s of p r o t e i n , f a t , c a r b o h y d r a t e , t o t a l 
i n o r g a n i c m a t t e r ( a sh ) and energy v a l u e . 
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Pro te in was assayed according t o the method of Lowry et_ al, 
(1951) as de t a i l ed in Chapter I I . 
Fat was est imated "by the help of the s tandard soxhlet 
e x t r a c t i o n technique as adopted by Mustafa and J a f r i (1981). 
Known weight of f r e sh t i s s u e was dr ied in thermostat at 100 C, 
powdered and t r ans fe r r ed t o >diatman ex t r ac t i on thimble . The 
thimble was plugged with cot ton wool. Ext rac t ion of f a t was 
ca r r i ed out f o r 10-12 hours using petroleum benzene (boi l ing 
point 40-60 G) as t h e so lvent . The f a t receiving f lask was kept 
in thermostat a t 100 G for complete removal of the so lvent . 
Thereaf te r , the f l ask was cooled t o room temperature in a des s i ca to r 
and reweighed t o g e t the quant i ty of f a t ex t r ac t ed . Amount of f a t 
was ca lcu la ted on percent b a s i s . 
Carbohydrate content was g ross ly evaluated according to the 
rule-of-thumb method used by Mustafa and J a f r i (1978). 
For determinat ion of ash quant i ty known amount (2-5 g) of 
dr ied d i e t sample was placed in preweighed s i l i c a c ruc ib le and 
i g n i t e d t i l l the sample became completely white and f r e e from 
carbon. The c ruc ib le alongwith i t s contents was cooled t o room 
temperature in a d e s s i c a t o r and reweighed. The ash represent ing 
t o t a l inorganic mat ter of d ie t was determined and ca lcu la ted on 
pepcent b a s i s . 
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Th.e energy v a l u e (Kcal) of t h e d i e t s was worked out by 
m u l t i p l y i n g p e r c e n t a g e s of p r o t e i n , c a r b o h y d r a t e and f a t by 
4 , 4 and 9, r e s p e c t i v e l y . The method h a s been s u c c e s s f u l l y 
a p p l i e d e a r l i e r by Mustafa ( 1 9 8 3 a , b ) , 
RESULTS 
Feeding t r i a l s i n v o l v i n g O i r r h i n a m r i g a l a f r y r e v e a l e d 
d i f f e r e n c e s i n t h e performance of t h e t h r e e compounded d i e t s : 
•A ' , ' B ' , ' C . A l l t h e s e d i e t s promoted growth i n e a r l y s t a g e 
of f i s h bu t i n v a r y i n g d e g r e e s . Diet ' C gave the b e s t r e s u l t s . 
Next i n n u t r i t i o n a l e f f i c a c y were t h e d i e t s 'A' and ' B ' . Pry 
s u p p l i e d d i e t s ' A ' , ' B ' , ' C f o r f o u r weeks a c q u i r e d we igh t s of 
t h e o r d e r of 4 3 . 2 7 , 3 3 . 3 3 , 5 0 . 5 , t i m e s t h e i r o r i g i n a l w e i g h t s , 
r e s p e c t i v e l y . The food conve r s ion e f f i c i e n c y , p r o t e i n e f f i c i e n c y 
r a t i o and s p e c i f i c growth r a t e i n v e s t i g a t e d by Haque (1986) 
(Tab le I I I ) s u b s t a n t i a t e t h i s work. Table IV p r e s e n t s r e s u l t s 
of t h e a n a l y s i s of g a i n s i n body weight p e r u n i t l e n g t h through 
s t a n d a r d l e n g t h - w e i g h t r e g r e s s i o n e q u a t i o n s and pondera l i n d e x e s . 
I t i s e v i d e n t from t h e d a t a t h a t weight of f i s h fed d i e t ' C grew 
3.644 t i m e s t h e l e n g t h and t h e exponent v a l u e f o r f ry s u p p l i e d 
d i e t s 'A' and ' 3 ' were 2.772 and 2 .714 , r e s p e c t i v e l y . Pondera l 
i ndex a l s o ma in t a ined s i m i l a r p r o g r e s s i o n ( 0 : 0 , 8 5 4 , A:0 .818 , 
B : 0 , 8 0 5 ) . Muscle of t h e t h r e e b a t c h e s of f i s h v a r i e d i n p r o t e i n 
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and g lycogen c o n c e n t r a t i o n s . These c o n s t i t u e n t s i n c r e a s e d with 
energy i n t a k e and showed f a i r l y good r e s p o n s e t o d i e t a r y compo-
s i t i o n . P r o t e i n c a l o r i e s were foxind most e f f e c t i v e . Fry fed 
d i e t 'C* were r i c h e s t i n p r o t e i n and g l y c o g e n whereas specimens 
p rov ided d i e t ' B ' were p o o r e s t i n bo th p r o t e i n and g lycogen ; 
t h o s e ma in ta ined on 'A' c o n t a i n e d i n t e r m e d i a t e q u a n t i t i e s . These 
b iochemica l d a t a have been i n d i c a t e d i n Table V and P i g . 1 . 
DISCUSSION 
Growth p roceeds most r a p i d l y du r ing t h e e a r l y phase of l i f e . 
The r a t e of growth i s very c l o s e l y r e l a t e d t o q u a l i t y of d i e t i f 
s i z e of r a t i o n i s c o n s t a n t . The f r y i s s e n s i t i v e to even minor 
d i e t a r y a l t e r a t i o n s . Of a l l t h e n u t r i e n t s , p r o t e i n seems most 
i m p o r t a n t , s i n c e i t i s main ly r e s p o n s i b l e f o r accompl i sh ing t h e 
growth of f i s h . Endogenous p r o t e i n s y n t h e s i s must occur a t a 
f a s t r a t e which can keep pace w i t h growth r a t e of t h e f i s h . B i o -
s y n t h e s i s of l a r g e q u a n t i t i e s of p r o t e i n r e q u i r e s an adequa te 
d i e t a r y i n t a k e of t h i s component. E a r l i e r i n v e s t i g a t i o n s of 
Mustafa and J a f r i (1977) on a i r b r e a t h i n g mur re l Channa p u n c t a t u s 
have e x p l a i n e d t h e t u r n o v e r of t i s s u e p r o t e i n a s r e l a t e d t o p r o t e i n 
l e v e l i n t h e n a t u r a l d i e t of t h e f i s h . The p r e s e n t d a t a on 
C i r r h i n a m r i g a l a f r y c l e a r l y i n d i c a t e d t h a t t h e d i e t with l a r g e r 
amoTont of p r o t e i n ensured f a s t e r g rowth . F i s h s u p p l i e d d i e t ' C 
whose p r o t e i n exceeded 50/^ of t h e t o t a l weight a c q u i r e d 50 .5 t i m e s 
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the original body weight and were the most robtiat of the three 
batches. Besides the demand for growth, the high requirement 
of protein seen in this study is also due to the high temperature 
(30-31°C) at ^ich the fry were reared. Experimental work carried 
out on several species of fishes by Belong et al. (1958), Dupree 
and Sneed (1966), Nose and Aral (1972), Haque (1986) showed increa-
sed protein requirement for sustaining optimum growth under ambient 
temperature conditions. Energy intake was found to be yet another 
factor that determined the protein, requirement. Obviously, protein 
utilization declines when insufficient energy enters the body. 
Corollary to this view is evident in the work of Prather and 
Lovell (1973). Diet 'C was most calorific and gave the fastest 
growth, and this was followed by diets 'A' and 'B'. Quality of 
energy entering the body also influences growth. Protein calories 
are more effective than carbohydrate and fat calories. This is, 
however, not unlimited. Over the range investigated, the diet 'C* 
provided larger ntimber of protein calories and gave the best 
results. However, the importance of other energy nutrients 
(carbohydrates and fats) can not be underestimated for several 
reasons: 1) an all protein diet will not be economically feasible, 
2) protein can not discharge specific function of carbohydrates 
and fats, 3) unit weight of fat yields more than twice the energy 
that protein yields in the body and as a matter of fact inadequate 
energy will enter the body if appetite of fish does not permit 
consumption of larger amount of food of less energy content to 
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sat isfy the "body requirements. Quantity of fat l e ss than half 
the amount of protein will provide the needed calor ies . Presence 
of carbohydrate and fat also rescues protein from breakdown for 
energy supply since these two nu t r i en t s serve as more readily 
u t i l i z a b l e fuels for the body. Protein i s thus spared for i t s 
chief function of t i s sue bixilding and reparation. The fish i s 
capable of adapting to fluctuating l eve l s of protein in the diet 
by lowering nitrogen excretion when fed protein poor diet and 
enhancing t h i s process to eliminate excess amounts. However, 
when dietary variat ions are beyond the body threshold there i s 
no way the fish will maintain nitrogen balance and protein level 
in the t i s sues , i f carbohydrate and fat do not play the rescue 
role for protein. Need of non-protein energy ingredients in the 
diet i s thus obvious. 
Besides influencing growth, the chemical quality of d ie t s 
also effects the biochemical profi le of body t i s s u e s . Tissue 
concentration of protein increased with dietary protein leve l . 
Data published by other authors (Gowey et a l . , 1972: plaice; 
Satia, 1974; Austreng and Refstie, 1979:rainbow t rout ; Mill ikin, 
1983:striped bass) are in agreement with the present findings. 
I t needs mention that protein raw materials in large quantity 
result ing from ingestion and subsequent digestion of high protein 
diet are not ent i re ly transformed into body protein. There are 
no t i s sues or organs which can store protein unlike carbohydrates 
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and f a t s ; f ish can store considerable quant i t ies of carbohydrates 
in musculature and l i v e r in the form of glycogen (Mustafa, 1976a) 
and the fat can be accommodated in adipose t i s s u e s . The lab i le 
protein of the soft t i s sues which can be pressed into service in 
times of need i s l imited. Authors (Holt _et a l . , 1962; Wilson 
et a l . . 1967) argued against applying the term 'protein reserve 
or s tore ' ;idaich implies some sort of special ce l l s or t i s sues to 
accumulate surplus quant i t ies . The l ab i l e protein i s linked with 
amino acid or nitrogen level in the body but a f te r the ce l l s 
replenish t he i r mobilized protein for whatever purpose, the incor-
poration of additional amino acids into t i s sue protein ceases and 
these are converted to fat (lipogenesis) or to carbohydrate 
(gluconeogenesis) which are stored for future use (Cowey and 
Sargent, 1979). Studies carried out by Sakaguchi and Kawai (1970) 
revealing manifold increase in the ac t iv i ty of amino acid -degra-
ding enzymes in carps when switched over from low to high protein 
diet substantiate these findings. The non-carbohydrate molecules 
which are known to act as precxxrsors of glycogen include glycerol 
part of t r ig lycer ides , deaminized amino acid and glycolyt ic pro-
ducts (pyruvic, l a c t i c acid) in the EMP-pathway. Despite synthesis 
of carbohydrate from non-carbohydrate substances the major part of 
glucose in the body normally a r i ses from dietary carbohydrates. 
Following t he i r digestion, the glucose concentration in the blood 
r i s e s to res tore noimal level and the quantity in excess of blood's 
capacity i s diverted for glycogen synthesis. The amount of glycogen 
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formed, therefore, depends upon intake of a l l the three energy-
nu t r i en t s , par t icu la r ly the carbohydrate. In the present study 
glycogen concentration was highest in Girrhina mrigala fry 
(batch, G) supplied diet r ichest in protein and energy contents, 
and lowest in individuals reared on diet 'B' which contained 
l eas t protein and energy. In teres t ingly , comparison of glycogen 
and protein data indicated ident ical progression eventhough diet 
'B' supplies greater amotint of carbohydrate but less of energy. 
If the views of Nielsen (1979) are given credence, i t i s evident 
that when food intake replenishes the mobilized protein and 
exceeds energy needs, the surplus is stored as fat or glycogen 
i r respect ive of the food composition. I t i s now properly under-
stood that glycogen storage involves far greater weight gains 
because i t i s deposited in ce l l s with substantial amounts of water 
(at l eas t 3 gram of water for each gram glycogen stored) . Since 
water provides supporting medium to f ish , there i s no hinderance 
i f they carry heavier body. Their growth i s indeterminate for 
the same reason. This i s in contrast to birds and other animals 
which take to a i r where weight economy is very important. These 
vertebrates prefer fat to carbohydrate since the former yields 
more than twice as much energy as provided by the l a t t e r , and 
i t s storage i s not associated with accummulation of water. L i t t l e 
quantity of fat supplies energy equivalent to tha t for which other 
nu t r i en t s in larger amoTint wil l be required. Other advantages of 
the accummulation of glycogen in f ish are that i t i s mobilized for 
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energy production with greates t ease compared to other fuel 
molecules, and t h i s nutr ient (and not protein or fa t ) can supply-
energy by breakdovm under anaerobic conditions or when oxygen 
tension of the aquatic environment f a l l s short of operating the 
oxidative degradation of glycogen for harnessing energy. 
In the absence of any ' s torage ' provision the l ab i l e protein 
i s considered to be in limited amount. Paradoxically, the range 
of var ia t ions in protein concentration of the muscle of fry 
(17.24-21.58%) leave no doubt that l ab i l e protein prot)ortion in 
early stages of development/growth of fish is far greater than 
believed for adul ts . Since protein requirements are very large 
and quite variable, a higher level of l ab i l e p]X)tein i s not 
surprising. 
The close re la t ion between nu t r i t iona l s ta tus and growth of 
the three batches of fry fed different d ie t s was reflected by 
differences in exponent in the length-weight formula as also in 
the ponderal index. Fry feeding on die t ' C were most robust and 
tended to gain proportionately more weight per unit length than 
the i r counterparts maintained on other d i e t s . Body weight was 
found to grow 3.644, 2.772 and 2.714 times the body length in 
specimens provided d ie t s ' C , 'A' and ' B ' , respectively. Their 
ponderal index values were 0.854, 0.818 and 0.805 in the respective 
order. Both the exponent and ponderal index can be truely indica-
t ive of health s ta tus of fish in such an early phase where growth 
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mostly depends on food and the fac tors such as sexual maturation 
aad conspicuous var ia t ions in feeding in tens i ty , e t c . which 
profoundly influence- the condition coefficient of adult fish, 
exert no effect . A correlation of the data on length-weight 
re la t ion and ponderal index with biochonical const i tuents , assayed 
quant i ta t ively, emphasizes the u t i l i t y of these gravimetric al ly 
derived parameters in assessing the l iving standard of post la rval 
f i sh . Use of these parameters ruthless ly in adult fish exposed to 
a multitude of factors has been c r i t i c i s ed by Mustafa (1979). 
Through t h i s study, protein and glycogen also onerge as the bio-
chemical tools of evaluating the condition of l i f e of f i sh . 
Mustafa (1979) established the re l a t ion between protein and 
condition coefficient of murrel Channa punctatus through regression 
equation. Mustafa and Jafr i (1981) reported the consistency in 
glycogen concentration of flesh with the f i l l e t condition factor 
of catfish Heterobneustes fo s s i l i s and formulated the relat ionship 
through regression model. Mustafa and Zofair (1983) also documented 
the influence of protein accummulation on specific gravity of 
t i s sues and correlated the l a t t e r with f i l l e t condition factor 
of the same species of catf ish. Limitations of the acceptabili ty 
of cube law in fishery invest igat ions were a t t r ibuted to specific 
gravity var ia t ions . Quick and posi t ive response of fry to com-
pounded diet s igni f ies the importance of a r t i f i c i a l feeding in 
hatcheries or nursery ponds. Sensi t ivi ty of body constituents 
including protein and glycogen to quality of diet emphasizes the 
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need of exhaustive preliminary trials and caution in formulating 
practical ration. 
SUMMARY 
Three compounded d i e t s ( ' A ' , ' B ' , 'G ' ) were t e s t ed on major 
carp Gir rh ina mrigala f r y . Diet 'A' was formulated to contain 
l i n seed o i l cake, "blood meal, wheat bran, sugarcane roughage, 
hyacinth meal, egg s h e l l ; 'B ' comprised l i n seed o i l cake, blood 
meal, wheat bran, sugarcane roTighage, egg s h e l l ; ' C consis ted of 
l inseed o i l cake, blood meal and sugarcane roughage. These d i e t s 
d i f fe red i n the propor t ions of the va r ious i n g r e d i e n t s . Efficacy 
o f , the d i e t s was evaluated through growth (gain i n body weight per 
un i t l eng th , ponderal index, K) and t h e turnover of p ro t e in and 
glycogen in t he muscle t i s s u e . Diet ' C was n u t r i t i o n a l l y superior 
( length-weight exponent, b = 3.644, K = 0.854) , followed by 'A' 
(b = 2.772, K = 0.818) and 'B ' (b = 2.714, K = 0 .805) . Biochemical 
parameters maintained the same progress ion in the th ree batches of 
the carp (C:pro te in 21.58 + 0.225%, glycogen 172.49 + 1.86 mg/100 g ) , 
(A:protein 17.42 + 0.898%, glycogen 159.52 + 3.22 mg/lOO g ) , 
(B:pro te in 15.87 + 0,865%, glycogen 146.85 + 3.41 mg/lOO g ) . Pro te in 
l a b i l i t y and dynamics of change in glycogen reserve in the growing 
f i sh have been discussed i n the l i g h t of physiological adar)tations 
and response of t he f i sh to d i e t a r y manipulations and other 
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extr ins ic fac tors . Protein-sparing roles of carbohydrate and 
fat were discernible . Pish reacted to even minor a l tera t ions 
in dietary protein level and ca lo r i f i c value of feed ingredients. 
Importance of low-cost products in fonntilating practical d ie t s of 
carps has been highlighted. 
Fig. 1 Concentrations of protein (white baxs) and 
glycogen (iDlack: bars) in the muscle of 
Cirrhina mrigala fry fed different d ie t s . 
Vertical l i ne s indicate standard error 
mean. 
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TABLE - V Pro te in and glycogen concentra t ions ( f resh weight 
bas i s ) in the muscle of Girrhina mri^ala fry 
supplied d i f f e ren t d i e t s 
Diets P ro te in , % Glycogen, mg/lOO g 
(Mean + Standard error) (Mean + Standard error) 
A 17.42 + 0.898 159.52 + 3.22 
B 15.87 + 0.865 146.85 + 3.41 
G 21.58 + 0.225 172.49 + 1.86 
m f\ 'T»'Fr r IV 
AND BODY COMPOSITION OP MAJOR CARP CIRRHIITA MRIGALA 
INTRODUCTION 
Protein is the major nutrient required for growth of fish 
and makes up most of the body structure. The importance of 
proper protein nutrition and its interrelation with dietary 
energy have been highlighted by Winfree and Stickney (1981). The 
subject has also been extensively reviewed by Love (1970, 1980), 
Pandian and Raghurama (1972), Marais and Kissil (1979), Rao and 
Vijayaraghavan (1984) and Zeitler et al. (1984). Dietary protein 
plays a dominant role in promoting growth and robust health 
condition of fishes whereas fat and carbohydrate supply energy 
to support protein functions besides taking part in other processes. 
Thus these components become a necessary adjuvant of all dietaiy 
formulations. The diets tried in the preseat experiment have a 
variety of nutrient sources, the interesting being the meal of 
insect pest of paddy carp HieroglYPhus nigrorepletus. The insect 
is foimd in abundance in fields and damages the crops. Mass 
capture of the pest for feed manufacture will save vegetation 
and shall ensure most economical protein supply to fishes. 
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MATERIALS AND METHODS 
F i n g e r l i n g s of C i r r h i n a m r i g a l a ( t o t a l l e n g t h 6 . 5 - 1 7 . 5 cm, 
body weight 14-28 g ) were p rocu red from a d e r e l i c t f r e s h w a t e r 
pond a t Al iga i i i ( L a t . 27° 30 ' 3 0 " N, Long. 78° 9 ' 2 6 " E ) . P i sh 
were r e a r e d i n t a n k s supp l i ed w i t h f i l t e r e d w a t e r of t h e same 
pond. The p e r i o d of a c c l i m i t i z a t i o n was 3 d a y s . During t h i s 
p e r i o d t h e f i s h were r e a r e d on l i n s e e d o i l c a k e . Tempera ture , 
d i s s o l v e d oxygen and pH of t h e medium were 25-26 G, 4 , 5 - 4 . 7 ppm 
and 7 . 5 , r e s p e c t i v e l y . Specimens were grouped randomly i n t o 
6 b a t c h e s . Twenty i n d i v i d u a l s c o n s t i t u t e d each b a t c h . Water was 
changed a t 24 hour i n t e r v a l . S ix t y p e s of d i e t s were f o r m u l a t e d , 
wi th each d i e t c o n t a i n i n g 50% of l i n s e e d o i l c ake . The remaining 
50% comprised d i f f e r e n t t y p e s of p r o t e i n a c e o u s i n g r e d i e n t s such 
as l i v e r (A) , minced meat (B) , sp l een ( C ) , i n t e s t i n e (D) , blood 
meal (E) and paddy p e s t (Hie rog lyphus n i g r o r e p l e t u s ) meal ( F ) . 
The c o n s t i t u e n t s of t h e v a r i o u s d i e t s and t h e i r chemical compo-
s i t i o n have been anbodied i n Tab les I , I I . The f e e d s were d r y , 
f i n e l y g r a i n e d and supp l i ed d a i l y a t t h e r a t e of 8%, of body weight 
of f i s h . The r a t i o n s i z e was dec ided a f t e r p r e l i m i n a r y feeding 
t r i a l s t o ensure t h a t t h e f i s h were f ed t o s a t i e t y and food d i d 
n o t go was t e . Water of t h e a q u a r i a was renewed d a i l y and t h i s 
p r o c e s s a l s o s iphoned off t h e unused food . A f t e r 4 weeks of 
f e e d i n g t r i a l t h e specimens were removed, r eco rded f o r l e n g t h 
and weight and d e c a p i t a t e d . Feeding was d i s c o n t i n u e d 24 hou r s 
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before sacrif icing the f i sh , Caxe was especially taken to avoid 
exercise of f i sh diiring capture and immobilization. Nutri t ional 
parameters recorded have been indicated in Table I I I . Methods 
used for the quanti tat ive estimation of f a t , carbohydrate, t o t a l 
inorganic matter (ash) and energy value of diet were the same as 
given in Chapter I I I . 
Muscles samples of f ish were dissected out immediately from 
a fixed location in the trunk region below the dorsal fin and 
above the l a t e r a l l ine and processed for quanti tat ive estimations 
of protein and glycogen according to the methodology outlined in 
Chapter I I . 
Length-weight relat ionship and condition coefficient 
(Ponderal index) were worked out through formiilae as given in 
Chapter I . 
Meals of blood, l i v e r , spleen and in tes t ine ; 
These above animal products were procured from slaughter 
house and washed thoroughly. After washing the same were dried 
completely in thermostat at 100 C and subjected to grinding. 
H. nigrorepletus was collected from f ie lds and treated with hot 
water. The freshly k i l led insects were cooked in boiling water, 
transferred to thermostat irunning at 100°C and taken to grinding 
machine for further processing. 
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RESULTS 
I n t e r e s t i n g growth p a t t e r n s and t h e i r b iochemica l r e l a t i o n s 
were observed i n O i r r h i n a mrif iala s u p p l i e d t h e s i x d i f f e r e n t 
k i n d s of d i e t s . As d e s c r i b e d e a r l i e r t h e l i n s e e d o i l cake formed 
50^ of t h e feed and t h e remain ing h a l f was c o n s t i t u t e d of v a r i o u s 
p r o t e i n a c e o u s p r o d u c t s (Tab le I ) . Die t ' P ' \^4iich c o n t a i n e d t h e 
i n s e c t meal was seen t o be t h e s t r i k i n g l y most growth promot ing . 
The d a t a p e r t a i n i n g t o p e r c e n t a g e g a i n i n body we igh t , SGR, FCE, 
FQ o b t a i n e d by Haque (1986) have been embodied i n Table I I I . FCE 
and SGR were q u i t e s e n s i t i v e to i n c r e a s e i n t h e DPL. FCE was 
42.86% ( d i e t ' F ' ; DPL, 48.0%), 3A,3:i^'i±et ' B ' ; DPL, 35.Tl), 26.85%' 
( d i e t ' A ' ; DPL, 34.8%), 24.437o(diet ' B ' , DPL, 33.9%), 13 .96% 
( d i e t ' C , DPL, 30.6%) and 10 .20%(die t ' D ' ; DPL, 28.9%). Obviously , 
t h e c o n v e r s i o n of feed ' F ' i n t o body t i s s u e of t h e consumer f i s h was 
h i g h e s t and t h i s suppor ted t h e f a s t e r growth of the spec imens . 
B e s i d e s t h e DPL t h e o t h e r two energy s o u r c e s v i z . , f a t and 
c a r b o h y d r a t e , coxild a l s o i n f l u e n c e t h e e f f i c i e n c y of food convers ion 
and p r o t e i n a s s i m i l a t i o n . The chemical q u a l i t y of t h e d i e t i n f l u -
enced t h e compos i t ion of t h e body t i s s u e of t h e f i s h . I t can be 
seen from Table IV and F i g . 1 t h a t muscle of the specimens 
s u p p l i e d d i e t ' F ' was r i c h e s t i n p r o t e i n and g lycogen and t h i s 
was fo l lowed by t h o s e ma in t a ined on d i e t s ' B ' , ' A ' , ' E ' , ' G ' , ' D ' . 
The g e n e r a l c o i n c i d e n c e of t h e DPL and p3?otein c o n c e n t r a t i o n of 
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the f i s h t i s s u e p o i n t s to t h e r o l e of p r o t e i n a s a n u t r i e n t i n 
i n f l u e n c i n g t h e t i s s u e c o m p o s i t i o n . The n u t r i t i o n a l s t a t u s 
and growth p a t t e r n of t h e d i e t 'P* s u p p l i e d f i s h b e a r s w i t n e s s 
to t h e q u a n t i t a t i v e and q u a l i t a t i v e s u p e r i o r i t y of t h e p r o t e i n 
i n t h e i n s e c t mea l . The v a l u e s of growth exponent , pondera l 
index and o t h e r p a r a m e t e r s of n u t r i t i o n a l and h e a l t h s t a t u s of 
f i s h (Tab l e V) s u b s i s t i n g on d i f f e r e n t d i e t s e x p l i c i t l y r e v e a l 
such n u t r i t i o n a l r e l a t i o n s . I n F-group specimens t h e body weight 
grew about t h r e e t i m e s ( p r e c i s e l y , 2 .98 t imes ) t h e body l e n g t h 
and t h e 'K' was 1.23 and t h e r e were t h e maximiim v a l u e s o b t a i n e d 
i n t h i s a r t i f i c i a l f eed ing e x p e r i m e n t . Performance of d i e t - D 
was p o o r e s t (growth exponent and 'K' of t h e f i s h be ing 1.48 and 
0 . 9 0 , r e s p e c t i v e l y . T i s sue p r o t e i n (%) and g lycogen (mg/lOO g) 
were 25 .4 and 1 8 8 . 1 (group F) and 9 .6 and 103 .9 (group D) on 
r e s p e c t i v e b a s i s . 
DISCUSSION 
D i e t a r y p r o t e i n p l a y s a dominant r o l e i n f i s h growth . 
G e n e r a l l y , c a r n i v o r e s such a s p l a i c e (Gowey et a l . , 1972 ) , chinook 
salmon (Delong _et a l . , 1958) , coho salmon ( Z e i t o u n ejb a l . , 1974) , 
ra inbow t r o u t ( 3 a t i a , 1974j Cho £ t a l . , 1976b; Austreng and 
R e f s t i e , 1 9 7 9 ) , sockey salmon (Halver e^ a l . , 1964) and la rgemouth 
b a s s (Anderson e^ a l . , 1981) r e q u i r e food c o n t a i n i n g 40-55% p r o t e i n 
f o r g rowth . Davis and S t i c k n e y (1978 ) , Akiyama ejb a l . ( 1981) , 
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Yang et a l . (1981) and Winfree and Stickney (1984) established 
that when protein level in the diet increases gains in body 
weight became more pronounced. This corroborates with the 
present findings. According to Reinitz and Hitzel (1980) the 
quality and the quantity of the diges t ib le parts of the dietary 
protein are paramount in the trend of growth r a t e . The food 
protein provides amino acids, the building monomers responsible 
for growth, reparation and which are involved in v i t a l l i f e 
processes of the c e l l . During early phase of l i f e the requirement 
of protein i s highest and the growth depends chiefly on intake of 
protein and efficiency of i t s u t i l i z a t i o n . The high d iges t ib i l i t y 
and assimilation of the insect protein (diet 'F ' ) may be considered 
as a most l ike ly factor to be reckoned v'ith in fish nut r i t ion . 
This i s an important area for research and the poss ib i l i ty of 
f i s h ' s digestive equipment dealing easi ly and effectively with 
insect protein needs further invest igat ions: The studies must 
center on~enzyrae-substrate r e la t ions . The re la t ive importance 
of the various nut r ients and of the nature of the calories 
entering the body have been explained in e a r l i e r chapters. I t 
i s also evident from the preceeding chapters that the f ishes 
tend to rescue and conserve t he i r assimilated protein by making 
carbohydrate and fat available for catabolic processes involving 
energy production. As for the physiological value of the energy 
nu t r i en t s , i t i s well knoT-m that carbohydrate can provide energy 
as much as an equivalent weight of protein can yield, whereas fat 
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i s a r icher source, supplying more than twice the amount of 
energy that equivalent weights of cairbohydrate and protein 
together could render on oxidation. There seems no biological 
disadvantage i f such in te r re la t ions of nu t r ien ts contribute to 
t he i r reservation or otherwise diversion for basic functions. 
The carbohydrates most readi ly volunteer for degradation for 
sparing protein. I t i s when the carbohydrate breakdown reaches 
a c r i t i c a l level that fa t s are mobilized. ?or calorigenesis the 
dis integrat ion of protein i s the l a s t r esor t . Carbohydrate and 
fat components of diet serve to secure the protein for i t s primary 
function of t i s sue building and growth. Ph i l l ips et_ al.. (1948) 
and Hilton and Atkinson (1982) have documented the preferential 
u t i l i z a t i on of carbohydrate as a sequel to energy needs of the 
f ish . According to Bardach ejb a l . (1972) the carbohydrate compo-
nent shoiild be adequate in forraiilation of feed for carps. 'rfhile 
supporting t h i s view, Chiou and Ogino (1975) observed that fish 
fed carbohydrate-rich diet had signif icantly be t t e r apparent 
assimilation of energy and protein. Brown et a l . (1985) concluded 
that when sufficient amount of non-protein energy was supplied to 
f i sh , the protein d i g e s t i b i l i t y was not affected by level of intake 
of t h i s nu t r ien t . Several other authors (Furuichi and Yone, 1980; 
Edwards £t a l . , 1977; Lagler et^  a l . , 1977) have also worked out 
the upper l imi t s of carbohydrate content in the diet with favourable 
growth response. Diet-B sup-olied highest carbohydrate calories 
but lowest ca lor ies of f a t . This did not adversely influence the 
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growth. Studies ca r r i ed out by Watanabe et a l . (1983) showing 
t h a t the common carp was able t o grow on f a t - f r e e d i e t extend 
support to the present f ind ings . Obviously, vdien p ro te in in take 
i s j u s t in the average required 'amount , the enrichment of d i e t 
by carbohydrate a t the cost of f a t g ives no negat ive r e s u l t . 
Low-cost buffalo meat of b e l l y region which formed 50% of the 
diet-B serves not only f o r maintenance but also for promoting 
growth in f i s h . Diet-A containing l i v e r meal with 34.8% pro te in 
and a lso r i ch in f a t content (17%) was found l e s s e f f icac ious 
than d ie t -B , but more than d i e t 'E ' which comprised 50% blood meal 
(p ro t e in 33.9%; fa t 14%). I t i s i n t e r e s t i n g t o note t h a t the two 
d i e t s (A and E) have almost t he same quan t i ty of carbohydrate; 
the d i f fe rence in p ro te in i s l e s s than 1% and i n such a case 
d i e t a ry f a t assumes importance and su s t a in s f a s t e r growth. Higashi 
et a l . (1964) and Lee and Putnam (1973) have a lso demonstrated the 
growth-supporting ro le of f a t in rainbow t r o u t fed i d e n t i c a l amounts 
of p ro te in and carbohydrate . Watanabe (1982) i d e n t i f i e d pathways 
wherein l i e s evidence of f a c i l i t a t i n g e f fec t of f a t on pro te in 
a s s i m i l a t i o n . Concordant views have been expressed by Murray 
et a l . (1977), Re in i tz et a l . (1978), Dupree et_ a l . (1979), Watanabe 
et a l . (1979), Rein i tz and Hi t ze l (1980) and Gowey and Sargent( l979) . 
By way of energy supply f a t of t he weight equivalent t o carbohydrate 
i s more e f fec t ive in p ro te in - spar ing r o l e , but the fact remains 
t ha t carbohydrate i s a more r e a d i l y u t i l i z a b l e energy source. 
F ishes make use of d i e t a ry p ro te in to the extent t h a t t h e i r 
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digestive system can handle and divert the assimilated amino 
acids for building and reparation of tissues. The energy-is 
harnessed from the remaining two energy nutrients. The per-
formance of the other two compounded diets (C and D) with the 
former containing 50% spleen and the later an equal proportion 
of intestinal tissue was poorest of all, although C-diet was a 
little better than diet-D. These feeds did not differ appre-
ciable in fat, carbohydrate, calorific value and the difference 
in protein was only 1.7%. In addition to their quantitative 
difference, the quality of protein must have mattered (with 
spleen protein emerging superior to intestinal protein). 
Besides influencing growth the chemical quality of diet 
also effects the biochemical composition of body tissues. The 
muscle protein concentration increased with dietary protein 
level. Similar results have been published by earlier woikers 
(Gowey et al., 1972: plaice; Satia, 1974; Austreng and Refstie, 
1979:rainbow trout; Millikin, 1983:striped bass). It can be 
seen from Table IV and Fig. 1 that concentrations of protein 
and glycogen were higher in specimens supplied diet 'P' followe-^  
by those maintained on diets B, A, E, C, D. Ingestion and subse-
quent digestion of a high protein diet leads to influx of protein, 
assimilation of amino acids in the somatic tissues and their 
incorporation into fish flesh. However, it must be clear that 
the entire amo\int of assimilated dietary amino acid raw materials 
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do not enter the endogenous protein 'biosynthesia to be incorpo-
rated into f i sh protein; a certain quantity remains in l ab i l e 
form in the absence of storage f a c i l i t y . This i s unlike the 
formation of fat depots. I t i s the l ab i l e protein or the amino 
acid pool which changes with the dietary protein leve l . The 
s t ructura l protein i s s tab le . The magnitude of variat ion in 
muscle protein content i s determined by the level of l ab i l e 
protein in the t i s s u e . Pood d ige s t i b i l i t y i s also a factor to 
be reckoned with in f ish nu t r i t i on . Best performance of diet-P 
could owe to easy digestion and rapid assimilat ion of the required 
amino acids of the insect meal. This also throws l igh t on the 
adaptation of the f i s h ' s digestive equipment to deal with the 
nature of' dietary protein. The kinds of r e su l t s obtained with 
other feeds re f lec t on the ingredients incorporated into the i r 
formulation. This i s a l imit to which even the l ab i l e protein 
fraction can form in the body, and further increase in protein 
intake i s not l ike ly to lead to weight gains in the absence of 
any body part acting as storage s i t e for protein. Carbohydrate 
and fat can be stored and contribute to the t o t a l body weight 
when protein f a i l s to achieve the same. Intake of a l l the tliree 
energy nut r ien ts influences the glycogen formation in the body. 
Storage of glycogen contributes to far grea te r weight gains 
because i t i s deposited in ce l l s with substantial amount of water. 
The non-nitrogen fractions of amino acids, keto-acids le f t af ter 
deamination are e i ther pressed into Krebs cycle to release chemical 
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energy or are diverted to glycogen synthesis. After digestion 
the glucose level of the blood r i s e s and when i t replenishes 
the mobilized amount, the excess quantity i s transformed into 
glycogen. The glycogen synthesis i s also known to proceed by 
way of enhancing the conversion of food stuffs besides the 
monosaccharides. When body needs a sustained supply of energy 
both carbohydrate and fat reserves cater to the requirements 
t i l l c r i t i c a l l eve l s beyond which physiological emergency may 
prevail and decline in protein may follow. The advantage of 
glycogen storage i s that i t can undergo breakdown both under 
aerobic condition as well as under anaerobic s i tuat ions when 
oxygen tension in the aquatic medium becomes ver;/ low and the 
fish lacks the a i r breathing organs, the oxidative degradation 
of glycogen ceases. To ensure uninterrupted supply of energy 
and to spare the protein, the carbohydrate volunteers for ca lor i -
genesis under extremely small quantity of oxygen or t o t a l lack 
of t h i s gas. The data obtained in the x)resent study bear t e s t i -
mony to the fact that carbohydrate content of the diet more 
profoundly influences the proportion of glycogen; the origin of 
t h i s polysaccharide through conversion of other nutr ients i s not 
as much e f f i c ien t . 
The exponent value in the length-weight formula as well as 
ponderal index (Table V) clearly reveal the close relat ionship 
of growth and robustness with the nu t r i t iona l fac tor . The exponent 
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and ponderal index were in order of the performance of d i f fe ren t 
d i e t s ; t h e i r va lues maintained d i r e c t progress ion with the food 
conversion .efficiency, growth r a t e , u t i l i z a t i o n of p ro te in and 
glycogen in the f i s h . Weight of the f i sh fed d i e t - F varied 
almost as cube of the length (more p r e c i s e l y , 2.98 t imes ) . The 
ponderal index was 1.235. This was followed by the batches 
supplied d i e t s 3 (b = 2.80, K = 1.179), A (b = 2.69, K = 1.160), 
E (b = 2.38, K = 1.136), C (b = 1.75, K = 1.106), D (b = 1.48, 
K = 0 .903) . These f ind ings s ign i fys the importance of biochemical 
t o o l s (such as p ro t e in and glycogen) in evaluat ing the overa l l 
condi t ion and hea l th of f i s h e s and qua l i ty of l i v i n g . Mustafa 
and J a f r i (1981) have thrown same l i g h t on t h i s aspect . However, 
much more needs t o be done for eva lua t ing regress ion models based 
on biochemical p r o f i l e s and growth s tanzas in f i s h e s . 
SUMI-IARY 
Performance of s ix a r t i f i c i a l d i e t s of d i f fe ren t chemical 
composition and energy value was s tudied using major carp Cirrhina 
mrigala . Experimental da t a obtained c l e a r l y pointed to t h e d ie t -F 
( i n s e c t meal and l i n seed o i l cake, 50:50) as t he most e f fec t ive 
d i e t a ry formulat ion. N u t r i t i o n a l value of t h i s d i e t was followed 
by o the r f e e d s : ' B ' (minced meat and l i n seed o i l cake, 50:50), 'A' 
(minced l i v e r and l i n seed o i l cake, 50:50), ' S ' (blood meal and 
and l inseed o i l cake, 50:50), ' C (minced spleen and l inseed o i l 
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cake, 50; 50), 'D' (minced i n t e s t i n e ajad l inseed o i l cake, 50:50) 
Length-weight exponent and ponderal index of the specimens of 
va r ious batches in r e spec t ive order were: ' F ' (2 .98 , 1.23), 
•B' (2 .80 , 1 .17) , 'A' (2 .69 , I . l 6 ) , 'E ' (2 .38 , 1.13), ' C (1 .75 , 
1.10) and 'D' (1 .48 , 0 .90 ) . Biochemical parameters maintained 
s imi l a r t r end . This can he seen from the da ta (P :pro te in 
25.44 + 0.16^, glycogen 188.1 + 3.44 mg/lOO g ) , . ( B : p r o t e i n 
22.64 + 0.23%, glycogen 185.9 + 1.65 mg/lOO g) 
16.48 + 0.36%, glycogen 171.8 + 0.79 mg/lOO g) 
14.61 + 0 .25^, glycogen 108.3 + 2.70 mg/lOO g) 
12.98 + 0.342, glycogen 105.6 + 2.96 mg/lOO g) 
9.64 + 0.28%, glycogen 103.9 + 2.02 mg/lOO g ) . 
(A:protein 
( E : p r o t e i n 
(G:protein 
( D : p r o t e i n 
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TABLE - I Propor t ions of i ng red i en t s in a r t i f i c i a l feeds 
Feeds 
Ing red i en t s 
50 g 50 g 
A Liver Linseed o i l cake 
B Minced meat Linseed o i l cake 
G Spleen Linseed o i l csike 
D I n t e s t i n e Linseed o i l cake 
E Blood Linseed o i l cake 
E Insec t meal Linseed o i l cake 
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TABLE - lY P r o t e i n and g lycogen c o n c e n t r a t i o n s i n t h e muscle 
of C i r r h i n a m r i ^ a l a s u p p l i e d d i f f e r e n t d i e t s . 
(On f r e s h weight "basis)-
D i e t s P r o t e i n , % Glycogen, mg/lOO g 
(Mean + Standard e r r o r ) (Mean + Standard e r r o r ) 
1 7 1 . 8 + 0 .79 
185 .9 + 1.65 
105.6 + 2.96 
103 .9 + 2.02 
108 .3 + 2.70 
1 8 8 . 1 + 3.44 
A 
B 
G 
D 
E 
F 
1 6 . 4 8 + 0 .36 
22.64 + 0 .23 
1 2 . 9 8 + 0 .34 
9 .64 + 0 . 2 8 
1 4 . 6 1 + 0 .25 
25.44 + 0.16 
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CHAPTER-V 
EFFECTS OF PROTEIN QUALITY AlTD NON-PROTEIN ENERGY ON GROWTH AND 
CONDITION OF COMON CARP 'CYPRINUS CARPIO FRY 
INTRODUCTION 
The p r e s e n t s t u d y examines t h e e f f e c t s of fo rmula ted f e e d s 
on growth , b i o l o g i c a l c o n d i t i o n and p r o t e i n p r o f i l e i n t h e muscle 
of common ca rp Cypr inus £ a r o i o . Of major impor tance in t h e eco -
nomic c u l t i v a t i o n of t h e f i s h i s t h e r equ i rement and source of 
p r o t e i n . Cyprinus c a r p i o i s an e x o t i c f i s h of commercial impor tance 
i n I n d i a . I t i s c u l t u r e d most ly i n combinat ion w i t h ind igenous 
major c a r p s . The e v a l u a t i o n of t h e per fonnance of p r a c t i c a l l y 
f e a s i b l e compounded d i e t s through growth r a t e , food convers ion 
e f f i c i e n c y , p r o t e i n u t i l i z a t i o n and l e n g t h - w e i g h t exponent va lue 
i s e n c o u r a g i n g . The i n f l u e n c e of t h e r e l a t i v e p r o p o r t i o n s of t h e 
n u t r i e n t s and q u a l i t y of energy e n t e r i n g t h e body by way of f e e d s 
was a s s e s s e d th rough t h e s e g r a v i m e t r i c and b i o c h e m i c a l p a r a m e t e r s . 
The r e l a t i o n s of t h e v a r i o u s n u t r i e n t s i nvo lved i n producing f i s h 
t i s s u e s and o rgan i sma l growth have been e l a b o r a t e d . 
MATERIALS AND METHODS 
Cypr inus c a r p i o f r i e s ( t o t a l body l e n g t h 2.1—4- cm, t o t a l 
body weight 0 . 1 2 - 0 . 9 8 g) were b rought from F i s h e r i e s F i e l d S t a t i o n , 
Agra, and a c c l i m a t e d t o l a b o r a t o r y c o n d i t i o n s f o r one week. They 
- 59 -
were p rov ided a f e e d compris ing l i n s e e d o i l cake and f rog o f f a l 
meal (50 :50) t o s a t i e t y l e v e l . Unused food was siphoned off when 
water was changed a t 24.-hour i n t e r v a l . During t h e feed ing t r i a l 
water a t a t e m p e r a t u r e of 28-31°C was s u p p l i e d t o t h e a q u a r i a . 
The d i s s o l v e d oxygen c o n c e n t r a t i o n and pH of t h e medi'om were 
4 . 5 ppm and 7 . 5 , r e s p e c t i v e l y . The f i s h were grouped randomly 
i n t o t h r e e b a t c h e s (A, B, G), each of 75 i n d i v i d u a l s . C o n s t i t u t i o n 
of t h e d i e t s has been g iven i n Table I and d e t a i l s of t h e i r chemical 
a n a l y s i s p r e s e n t e d i n Table I I . D i e t s were p rov ided a t t h e r a t e of 
4% of body we igh t . Exper imenta l d u r a t i o n was l i m i t e d t o 4 weeks, 
a f t e r which f i s h were taken o u t , d e c a p i t a t e d and measured fo r 
l e n g t h and w e i g h t . Muscle samples from a f i x e d l o c a t i o n i n trunlc 
were e x c i s e d and p r o c e s s e d f o r q u a n t i t a t i v e e s t i m a t i o n of piratein 
acco rd ing to t h e method d e t a i l e d i n Chapter I I . P r o c e d u r e s fol lowed 
f o r chemical and c a l o r i f i c a n a l y s i s of t h e d i e t s were t h e same as 
d e s c r i b e d i n Chapter I I I . The formulae aT)t)lied f o r working out 
r e l a t i o n s h i p between l e n g t h and weight of f i s h body and f o r 
pondera l index have been o u t l i n e d in Chapter I . 
RESULTS 
D i f f e r e n c e s i n food a s s i m i l a t i o n and growth were n o t i c e a b l e 
i n t h e young specimens of Qyprinus c a r p i o fed t h r e e expe r imen ta l 
d i e t s of d i f f e r e n t compos i t ion . Performance of A - d i e t was b e s t 
fo l lowed by ' B ' and ' C ( T a b l e s I I I , I V ) . The food convers ion 
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e f f ic iency , food quo t i en t , spec i f i c growth r a t e have been evaluated 
by Haque (1986), Pood conversion ef f ic iency (FGB) was found t o be 
highest in 'A' and lowest in G-batch, whereas diet-B give i n t e r -
mediate va lue . Pood quotient (PQ) maintained a pa t t e rn j u s t 
reverse to t h a t of PGE. Gains i n body weight and the s p e c i f i c 
growth r a t e were maximum in 'A ' , in te rmedia te in 'B ' and lowest 
i n 'G' ba tch . Table I I I vdiich embodies da ta per ta in ing to the 
length-weight r e l a t i o n s h i p of the d i f f e r en t groups of f i shes 
r evea l s tha t weight of specimens supplied d ie t -A grew 3.3 times 
the body l eng th , while t h i s length-weight exponent was only 2.7 
and 2.3 in groups reared on d i e t s 'B ' and 'G*, r e s p e c t i v e l y . The 
ponderal index which s i g n i f i e s the general robustness or well 
being of the f i sh was i n the same order as the length/weight growth 
exponent (Table I I I ) . Nature of d ie t inf luenced the muscle t)rotein 
concentra t ion (F ig . 1 ) . Pish supplied d i e t - 3 which was r i ches t in 
p ro te in content r e su l t ed in higher concent ra t ion of t h i s c o n s t i -
tuent (16.9%) in t i s s u e s , whereas i nd iv idua l s feeding d i e t s 'G' 
and 'A' had 15.9% and 14% pro te in , r e s p e c t i v e l y . In the t e s t 
species (Gyorinus carpio) whose normal d ie t i s not r i ch in p ro te in , 
the inc rease in p ro te in propor t ion decreased the FGB. Subs t i tu t ion 
of p ro te in by carbohydrate and f a t , e spec i a l l y the former, improved 
the e f f i c i ency of food conversion and growth of the f i sh by ensu-
r ing the supply of r e a d i l y u t i l i z a b l e energy. 
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DISCUSSION 
R e s u l t s of t h e s tudy i n d i c a t e d t h a t g2X)wth r a t e and t i s s u e 
compos i t ion of t h e specimens were c l o s e l y r e l a t e d to q u a l i t y of 
d i e t a t c o n s t a n t r a t i o n s i z e . P r o t e i n was t h e most impor t an t 
d i e t a r y i n g r e d i e n t which i n f l u e n c e d t h e body compos i t i on . I n t e -
r e s t i n g l y , t h e p r o t e i n tu imover i n t h e muscle v a r i e d accord ing t o 
a l t e r a t i o n s i n t h e p r o p o r t i o n of t h i s n u t r i e n t i n t h e food. 
Mustafa and J a f r i (1977) working on a i r "breathing muirrel Oh anna 
pun c t a t u s c o r r e l a t e d t h e sequence of changes i n musc le p r o t e i n 
of f i s h wi th t h e changeover i n t h e d i e t i n n a t u r e . I t was e x p l i c i t 
from t h e i r o b s e r v a t i o n s t h a t i n g e s t i o n of l a r g e r q u a n t i t y of p r o t e i n 
e n r i c h e d t h e t i s s u e p r o t e i n . P r o t e i n i n t h e f i s h t i s s u e was more 
r e s p o n s i v e t han g lycogen to d i e t a r y p r o t e i n a l t e r a t i o n s . The 
i n t a k e of l a r g e r amount of p r o t e i n by way of food r e s u l t s i n t h e 
r e l e a s e of g r e a t e r q u a n t i t i e s of f r e e amino a c i d s dur ing t h e 
d i g e s t i v e a c t i v i t y and t h e s e amino a c i d s a r e a v a i l a b l e f o r i n c o r -
p o r a t i o n i n t o f i s h ' s own p r o t e i n . The p r e s e n t d a t a f u r t h e r r e v e a l s 
t h a t a f t e r t h e p r o t e i n p a r t of t h e d i e t s u s t a i n s t h e maintenance 
and maximum p o s s i b l e growth r e q u i r e m e n t s of the f i s h , t h e a d d i t i o n a l 
q u a n t i t y of t h i s n u t r i e n t l e a d s t o r e d u c t i o n i n t h e feed e f f i c i e n c y 
v a l u e s . I t i s a l s o obv ious t h a t when the f i s h e x h a u s t s i t s growth 
p o t e n t i a l a t c e r t a i n phase of l i f e t h e i n c r e a s e i n consumption of 
p i ra te in w i l l l e a d t o d e c r e a s e i n t h e p r o t e i n conver s ion r a t i o . 
These o b s e r v a t i o n s f i n d suppor t from t h e e a r l i e r woiics of 
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Satia (1974), Davis and Stickney (1978), Aaderson et a l . (1981)and 
Mill ikln (1982). For the species investigated (Gyprinus carpio) 
which feeds heavily as sand, mud and de t r i t u s i t appears that 
about 19% of dietary protein i s adequate to sat isfy the require-
ments of healthy l iv ing . This accounts for higher values of 
specific growth ra te (SG-R), PCS and protein efficiency ratio(PER) 
in batch of f ish supplied A-diet (19.3% protein) compared to 
specimens reared on 'B' (28^ protein) and 'G' (23.8% p2X)tein) 
types of d i e t s . I t i s obvious from the data that when the capacity 
of f ish to u t i l i z e dietary protein i s l imited but energy require-
ments for growth and suirvival are high, the energy is harnessed 
from other nut r ien ts (carbohydrate and f a t ) . Ringrose (1971) is 
of the view that with cer ta in d ie t s the protein content can be 
reduced without loss of growth provided dietary energy is main-
tained by the addition of fat or carbohydrate. These observations 
extend unreserved support to present s tudies . I t i s logical that 
in fish consuming a predominantly herbivorous d ie t , the energy 
derived largely from carbohydrates accomplishes the l i f e processes 
including growth. For the same reason Bardach et a l . (1972) 
suggested incorporation of rich quant i t ies of carbohydrate in 
a r t i f i c i a l feeds of carps. Refstie and Austreng (1981) concluded 
that f ish fed a high carbohydrate diet had be t t e r d i g e s t i b i l i t y 
of protein. If t h i s view i s given credence i t must to assured 
that the Gyprinus carpio requires l e s s die tary pro'tein than the 
predatory species l ike Heteropneustes f o s s i l i s , but the carp can 
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bes t use of i t with a s s imi l a t e and high degree of eff ic iency and 
hence the high value of FGE (24.5) and PER (1.23) >^en given 
die t -A (Table lY) . With ijust lower amount of p ro t e in , ava i l ab le 
to the f i sh through i t s d i e t , almost the e n t i r e stock of the 
n u t r i e n t must be spared for body bu i ld ing and growth and the non-
ni t rogenous i n g r e d i e n t s (carbohydrate and f a t ) might come in for 
y ie ld ing energy fo r body ' s requirements . The a c t i v i t i e s of 
d ige s t i ve enzymes c o r r e l a t e with the na ture of d ie t of f i sh 
(Mustafa, 1976b). I t i s qu i te l i k e l y t ha t Cyprinus carpio possesses 
r e l a t i v e l y weaker a c t i v i t y of p r o t e o l y t i c enzymes and thus can not 
deal with very high p r o t e i n . Even i f l a r g e amount of p ro t e in 
en te r s the body, i t can not nour ish the f i s h and must undergo waste. 
Contra2:ywi3e, the a c t i v i t y of carbohydrases should be strong enough 
so as to take csure of r i ch amoimts of carbohydrates in the d i e t . 
As a matter of f a c t t he batch supplied die t -A which contained more 
than 64% carbohydrate grew f a s t e r and gained more weight per un i t 
l eng th (0.24 g per day ponderal index 1.22) whereas d i e t s 'B ' and 
'C* which are r i ch in p ro te in (poss ib ly beyond f i s h ' s a b i l i t y to 
make use of t h i s n u t r i e n t ) and in which propor t ions of carbohydrate 
and f a t were lower, the f i s h were deprived of the sources of 
energy i t can make use of and hence the growth remained slower 
(gain per day = 0.14 g:B and 0,06 g:C; ponderal index 1.17:B and 
1 .13 :0) . Pat did not seem to be as r e a d i l y u t i l i z a b l e a substance 
as carbohydrate in asmuch as in both d i e t s 'B ' and ' C . This 
n u t r i e n t exceeded the quant i ty present i n 'A' and desp i t e being 
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more c a l o r i f i c the f a t f a i l e d to support in the manner of carbo-
hydra te . There i s a l so a s trong p o s s i b i l i t y t h a t the f i s h lacked 
the kind of d i g e s t i v e system required to hydrolyze l a r g e r amount 
of f a t and,, a s a consequence add i t i ona l q u a n t i t i e s are Just of 
no help in energy supply and maintenance. In the absence of any 
apprec iable d i f fe rence in the carbohydrate quan t i t y , the fat 
assximes more importance by increas ing t h e ove ra l l c a l o r i f i c value 
of the d i e t and favouring growth. This accounts fo r the super ior 
nourishing a b i l i t y of t h e d ie t -B which provided 356.6 calories/lOO g 
and specimens feeding t h i s d i e t gained more weight per un i t l eng th . 
Performance of t h r e e a r t i f i c i a l d i e t s of d i f f e r en t chemical 
composition and energy value was s tudied i n Cyprinus ca rp io . Diet-A 
which comprised l in seed o i l cake, f i sh of fa l meal, frog offal meal, 
blood meal, wheat bran, water hyacinth meal i n the r a t i o (50:10: 
10:10:10:10) produced b e t t e r growth in f i sh and was n u t r i t i o n a l l y 
super ior to d i e t - 3 ( l i n seed o i l cake, f i sh of fa l meal, frog offal 
meal, blood meal in the r a t i o 50:20:20:10) . Diet-C was compounded 
of f i s h offal meal, blood meal, frog of fa l meal, wheat bran, water 
hyacinth in the r a t i o 20:20:20:20:20. Diet-G gave poor performance. 
Efficacy of t he d i e t s was evaluated through gain in body weight 
per un i t l eng th and condit ion coef f i c i en t (ponderal index) and 
turnover p ro te in in the muscle. The values of length-weight 
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exponent and ponderal index were 3.30 and 1.22 in batch-A whereas 
in "batch-B and G the same were 2 .78, 1.17 and 2.36, 1.13, r e s -
p e c t i v e l y . Quali ty of energy enter ing the body appreciably 
influenced these n u t r i t i o n a l parameters . P ro te in sparing ro l e s 
of carbohydrate and f a t were d i s c e r n i b l e . Excess amount of 
p ro te in in diet-B reduced the growth r a t e and a s s imi l a t ion of 
food. 
Fig. 1 Concentration of protein (white bars) in 
the muscle of Cyprinus carpio fry fed 
different diets. Vertical lines indicate 
standard error of mean» 
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TABLE - IV Growth and nutritional parameters of Qyprinus 
carpjo supplied different compounded feeds, 
A,B,C (Adopted from Haque 1986) 
Diets 
Parameters 
B 
Percentage gain in body 
weight, g 
Ins tantaneous growth rate(%) 
29.40 
0.86 
17.80 9.00 
0.55 0.28 
Pood conversion efficiency(%) 24.50 14.90 7.50 
Food quotient 4.09 6.75 13.29 
Pro te in e f f ic iency r a t i o 1.23 0.51 0.30 
CHAJ^TFf-Vl^ 
PROTEDI AITD GLYCOGEN COITTMTTS AlID GROWTH PROFILE Ii; JOM O^N CARP 
C7PRINU3 CARPIO FED FORMULATED DIETS 
INTRODUCTION 
E f f o r t s a r e be ing made t o f i n d out a l t e r n a t i v e s o u r c e s of 
animal m a t t e r i n t h e p l a n t kingdom f o r economic r e a s o n s . Notable 
a u t h o r s i n t h e f i e l d a r e Hepher et^ a l . (1979) and S p i n e l l i et_ a l . 
( 1 9 7 9 ) . I n t h e p r e s e n t s t u d y a new i tem i n t h e form of meal of a 
c i t r u s f r u i t I n d i a n g o o s e b e r r y (Emblica o f f i c i n a l i s ) was t e s t e d 
on ca rp Gyiprinus c a r p i o f r y . B e s i d e s be ing a r i c h source of 
p r o t e i n , g o o s e b e r r y a l s o c o n t a i n s a p p r e c i a b l e q u a n t i t i e s of 
v i t a m i n s , c a r b o h y d r a t e s and m i n e r a l s . The r e s p o n s e of t h e s e feed 
i n g r e d i e n t s was de t e rmined th rough d a t a on p r o f i l e s of p r o t e i n , 
g lycogen and somat i c growth of t h e c a r p . 
MATERIALS AlTD METHODS 
F i n g e r l i n g s of Cyurinus c a r p i o ( t o t a l l e n g t h 2 -4 .5 cm; body 
weight 0 . 1 2 - 0 . 7 9 g) c o l l e c t e d from F i s h e r i e s F i e l d S t a t i o n a t 
Agra were a c c l i m a t e d f o r a week t o t h e c o n d i t i o n s of l a b o r a t o r y 
a q u a r i a . During t h i s p e r i o d t h e y were s u p p l i e d f rog o f f a l meal 
and l i n s e e d o i l cak'? (50 :50) t o s a t i a t i o n . The acc l ima ted 
specimens were randomly grouped i n t h r e e b a t c h e s of 55 each and 
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t r ans f e r r ed t o g l a s s aquar ia . Water temperature during the 
e n t i r e experimental period ranged "between 19-24°G and t h e pH 
and dissolved oxygen content were 7.5 and 4 .5 -4 .7 ppm, respec-
t i v e l y . Three types of d i e t s ' A ' , ' B ' , ' C (Table I ) were 
supplied separa te ly t o the groups of f i s h e s at the r a t e of 5% 
of "body weight. Chemical composition and energy contents of 
d i e t s have been shown in Table I I . Indian gooseberry (Emblica 
o f f i c i n a l i s ) was an important i n g r e d i e n t . This product contains 
vitamin-G (60%) and carbohydrate (14.1%) bes ides other substances 
in smaller q u a n t i t i e s ( p r o t e i n , 0.5%; f a t , 0.1%; minera ls , 0.7X) 
(The Wealth of Ind ia , CSIR 1952). Gooseberry was dried in theinno-
s t a t running at 100°G and subjected to gr inding before incorpora-
t ing in the d i e t . The experiment continued for 4 weeks, a f t e r 
which the specimens were taken out, recorded fo r length and weight 
and decap i t a t ed , i l u t r i t i o n a l parameters ind ica ted in Table I I I 
were determined by Haque (1986). Muscle samples were excised 
from trunk region below the dorsa l f in and processed for b i o -
chemical assays of p ro te in and glycogen, using the methodology 
de ta i l ed in Chapter I I . 
Length-weight r e l a t i o n s h i p and condi t ion coef f i c ien t were 
worked out by the help of formulae as given in Chapter I . 
Chemical ana ly s i s of d i e t was ca r r i ed out by the methods 
dea'::ribed in Chapter I I I . 
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RESULTS 
I t i s e v i d e n t from t h e d a t a t h a t d i e t ' C was n u t r i t i o n a l l y 
s u p e r i o r compared t o t h e remaining t y p e s of d i e t s (3 and A) 
s u p p l i e d t o Qyprinus c a r p i o . Diet 'C* c o n s t i t u t e d of gooseber ry 
meal , f i s h o f f a l meal and l i n s e e d o i l cake (50 :25 :25 ) wi th 
h i g h e s t d i e t a r y p r o t e i n and c a r b o h y d r a t e l e v e l s was most e f f e c t i v e 
i n growth p romot ion . Sugarcane roughage i s ab sen t from t h e d i e t 
' C . Diet-B >diich comprised a l l t h e f o u r i n g r e d i e n t s (goosebercy 
meal , f i s h o f f a l mea l , l i n s e e d o i l cake and sugarcane roughage) 
i n equa l p r o p o r t i o n s ( 2 5 : 2 5 : 2 5 : 2 5 ) gave t h e second b e s t r e s u l t . 
Die t -A t h a t c o n t a i n e d sugarcane roughage , f i s h o f f a l meal and 
l i n s e e d o i l cake ( 5 0 : 2 5 : 2 5 ) and was w i t h o u t goosebe r ry y i e l d e d 
r e l a t i v e l y poor r e s u l t s . The f eed ing t r i a l showed t h e impor tance 
of g o o s e b e r r y i n d i e t - G as a b e t t e r s u b s t i t u t e of si igarcane 
roughage i n a r t i f i c i a l d i e t s of t h e common c a r p . The p e r c e n t a g e 
g a i n i n body w e i g h t , SG-H, ?Q and PSR i n v e s t i g a t e d by Haque(l936) 
(v ide Table I I I ) were a p p r e c i a b l y h i g h e r i n f i s h e s fed d i e t ' C 
fo l lowed by ' B ' and ' A ' , r e s p e c t i v e l y . Table 17 f u r n i s h e s 
i n f o r m a t i o n on t h e h e a l t h s t a t u s of f i s h e s p rov ided d i e t ' C . 
The grovrth exponent of t h e specimens of t h i s b a t c h was g r e a t e r 
than t h a t i n 'A' and ' B ' - g r o u p s . Body weight was found t o grow 
4 . 4 2 , 3 .15 and 2 ,73 t i m e s t h e body l e n g t h i n specimens provided 
d i e t s ' C , ' B ' and ' A ' , r e s p e c t i v e l y . Pondera l index a l s o main-
t a i n e d s i m i l a r p r o g r e s s i o n ( G : 2 . 0 8 , B : 1 . 2 4 , A : 0 . 8 7 ) . Table V 
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and P i g . 1 show t h a t t h e c o n c e n t r a t i o n s of p r o t e i n and g lycogen 
were h i g h e r i n t h e t i s s u e s of specimens s u p p l i e d d i e t ' C fo l lowed 
by t h o s e m a i n t a i n e d on 'B* and 'A' t y p e s of f e e d s . I n t e r e s t i n g 
b iochemica l changes i n t h e body occu r r ed and were r e l a t e d t o 
b i o s y n t h e s i s of t i s s u e b u i l d i n g and s t o r a g e s u b s t a n c e s . The 
d a t a h i g h l i g h t e d t h e impor tance of g o o s e b e r r y meal i n feed 
f o r m u l a t i o n s . 
DISCUSSION 
F a s t growth and h igh n u t r i t i o n a l s t a t u s a s seen i n common 
ca rp s u p p l i e d d i e t - G was c l o s e l y r e l a t e d t o p r o t e i n i n t a k e . The 
d a t a p e r t a i n i n g t o p e r c e n t a g e g a i n i n body w e i g h t , SGR, PQ and 
PER b e a r w i t n e s s to t h i s o b s e r v a t i o n . P f e f f e r (1982) a l s o concluded 
t h a t p r o t e i n e f f i c i e n c y r a t i o was de te rmined by d i e t a r y p r o t e i n 
c a p a c i t y f o r s e c u r i n g m e t a b o l i c a l l y f e a s i b l e energy from non-energy 
n u t r i e n t s i n salmonid f i s h e s . The i n f l u e n c e of changes i n l e v e l s 
of p r o t e i n i n d i e t on f i s h has been documented i n e a r l i e r c h a p t e r s . 
The optimum p r o t e i n requi rement of Cyprinus car i j io h a s been 
r e p o r t e d to be 3 3 . 5 ^ (Ogino and S a i t o , 1970) , 37.7% f o r Japanese 
e e l (Cowey and Sa rgen t , 1979) and 35% f o r s t r i p e d b a s s and t i l a p i a 
( S a n t i a g o e t a l . , 1982; M i l l i k i n , 1 9 8 2 ) . I n the p r e s e n t s t u d y t h e 
d i e t c o n t a i n i n g 32.55% p r o t e i n gave b e s t r)erformance. Gooseberry 
meal used i n f o r m u l a t i n g t h e d i e t may be s u p e r i o r because of i t s 
r e q u i r e d amounts of e s s e n t i a l amino a c i d s . The p r o t e i n requ i rement 
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la markedly influenced by the amount of carbohydrate in the d ie t . 
The protein sparing effect of carbohydrate i s more pronounced 
when protein and carbohydrate are ingested together. Highest 
carbohydrate percentage (47.9/i) in diet ' C also affects the 
nu t r i t iona l quali ty of f i shes . Protein can not discharge the 
specific functions of carbohydrates and fa t s and thus body tends 
to ensure i t s u t i l i z a t i o n . At the time of maximiim protein require-
ment f a t s and carbohydrate are essential for enabling the protein 
to perform i t s principal functions. Findings of Prather and 
Lovell (1973) support t h i s view. The amino acids absorbed from 
the food are not u t i l i zed for the formation of protein ^^nless 
adequate calor ies are provided from fat and caii)ohydrate. 
Gooseberry, a c i t rus f ru i t having ascorbic acid and formiilated 
to contain other ingredients contributed to higher SGR and PSH 
in the t i s sues of f ishes rather than highest DPL. Although not 
enough l i teratuire i s available on the metabolic functions of 
ascorbic acid i t i s known that t h i s nutr ient i s part of an 
enzyme system which brings about oxidation and carbohydrate 
metabolism. Qualitative dietary ascorbic acid requirements 
have been reported for rainbow trout (Kitamura et^ a l . , 1965; 
Hilton et_ a l . , 1978; Sato et a l . , 1978; John et a l . , 1979), brook 
trout (Poston, 1967); coho salmon and rainbow trout (Halver et_ a l . . 
1969); Japaneese eel (Aral et_ a l . , 1972); channel catfish (Wilson 
and Poe, 1973); red sea bream (Yone, 1975); murrel (Mahajan and 
Agrawal, 1979) and mrigal (Mahajan and Agrawal, 1980). Essential 
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role of vitamin-C for channel catfish has recently been corrobo-
rated by growth studies ( love l l , 1973 and Andrews and Murai,1975). 
Importance of ascrobic acid has previously been demonstrated for 
several other species including yellowtail and rainbow trout 
(Halver et a l . 1975). The diet-G which contains 50% gooseberry 
meal possesses essent ia l ingredients for achieving a high metabolic 
ra te and consequent rapid growth of the young f i sh . V/hile the 
percentage of gooseberry meal (25%) in diet-3 could achieve grovrth 
within intermediate range, the nu t r i t i ona l s ta tus of f ish given 
ascorbic acid free diet (A) was poorer. Low protein and high 
fat contents of d ie t are known to resu l t in downward growth ra te . 
Page and Andrews (1973) reported setback to growth in channel 
catfish by subst i tut ing protein by fat in the d i e t . Garcia et_ a l . 
(1981) came across with the same phenomena. The higher l io id 
content of the diet which comprised inadequate amount of protein 
(as in diet-B compared to G, vide Table I I ) led to more retention 
of protein in f i sh . This suggested a more eff ic ient protein 
u t i l i z a t i on in the presence of other energy nu t r i en t s . 
After supplying nut r ien ts to ce l l s for growth the diet 
also influences the chemical composition of the musculature of 
Gyprinus carpio. The data emphasizes that higher proportion of 
dietary protein increases the muscle concentrations of protein 
and glycogen. That the amino acids obtained from protein part 
of the food are an important element of protein biosynthesis 
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has been explained by Mustafa and J a f r i (1977), Mustafa (1979) 
and Mustafa and Zofair (1983). Deficiency of amino acids in the 
cytoplasm w i l l h inder the process of p ro t e in b iosyn thes i s , affect 
normal growth and hea l th condi t ion of the f i sh . Concordant views 
have been expressed by Takeuchi _et a l . (1981) and Weatherley and 
G i l l (1983). P h i l l i p s e t a l . (1967, 1969) and Poston (1969) have 
given a t t e n t i o n to energy sources and energy-prote in u t i l i z a t i o n 
by t r o u t . Hefs t ie and Austreng (1981) support t he view t h a t the 
f i sh fed a r i c h carbohydrate d i e t had b e t t e r d i g e s t i b i l i t y of 
p ro te in and energy. Diet ' C which contained enough carbohydrate 
quant i ty (47 .9^) , chiefl;;- catered to the energy requirements of 
the f i s h , and l e f t t he p ro te in t o carry out t he processes of 
t i s s u e bui ld ing and growth. Bardach et a l . (1972) l a i d emphasis 
on adequate carbohydrate content of TDractical feeds of carps to 
ensure normal groirth. Dietary f a t i s a l so known to compensate 
for carbohydrate def ic iency as f a r as ene rge t i c s i s concerned. 
However, s ince f a t i s a r i c h e r source of energy, Jus t half (or a 
l i t t l e smaller) the quant i ty of carbohydrate can serve t h e purpose. 
Glycogen l e v e l in f i sh fed d ie t -C (177.65 mg/100 g) i s h igher than 
tha t i n specimens supplied diet-B (165.00 mg/100 g ) . Glycogen i s 
an index of robustness or general well being of f i s h e s . Mustafa 
and J a f r i (1981) s tudied t he dynamics of change in glycogen and 
fa t i n the muscle of c a t f i s h H^ . f o s s i l i s and cor re la ted the same 
with condi t ion f a c t o r . Following d iges t ion of carbohydrate the 
glucose concent ra t ion in blood r i s e s to normal l eve l and the 
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quantity in excess of blood capacity i s diverted for glycogen 
formation in t i s sue s . High concentration of glycogen in fish, 
fed diet-G i s of additional advantage to the fish in asmuch as 
i t effects weight gain and opens a way for mobilization of energy 
in anaerobic condition in addition to the aerobic processes. 
Some quantity of carbohydrate i s also transformed into other 
organic energy nu t r i en t s . 
The three batches of fry fed different d i e t s showed a close 
re la t ion between nu t r i t iona l s tatus and growth as determined by 
differences in exponent of the length-weight regression formula 
as well as by ponderal index. Batch-G was most robust and 
exhibited the tendency to gain proportionately more weight for 
unit length than the firy of the groups 'A' and ' 3 ' . Body weight 
was found to grow 4.42, 3.15 and 2.74 times the body length in 
specimens fed d ie t s G, B and A, respectively. The ponderal index 
values were 2.08, 1.24 and 0.87 in the respective order. Both 
the exponent and ponderal index are parameters of health status 
of f ish , par t icu lar ly in i t s early l i f e mere growth mainly 
depends on food. The u t i l i t y of gravimetrically aerived para-
meters in assessing the l iving standard of post larval fish can 
be further confirmed when such indices are compared with the 
biochemical parameters described e a r l i e r . 
Present study reveals that the gooseberry meal has a good 
nu t r i t iona l value. I t provides vitamin C, minerals, besides other 
substances which promote growth. 
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SUI-IT'lARr 
Three kinds of d i e t s (A:lingeed o i l cake, f i s h offa l meal, 
sugarcane roiighage in the r a t i o 25:25:50) , (B:g003eberry meal, 
l i n seed o i l cake, f i s h offal meal, sugarcane roughage i n 25:25: 
25:25 r a t i o ) and (C: gooseberry meal, l i n seed o i l cake, f i sh 
offa l meal i n 50:25:25 r a t i o ) were t e s t e d on fry of Gyprinus 
carDio for t h e i r n u t r i t i o n a l performance. P ro te in l a b i l i t y and 
dynamics of change in glycogen rese rves i n the growing f i sh were 
examined and the da t a discussed i n the l i g h t of phys io logica l 
adap ta t ions . Efficacy of d i e t s was evaluated through growth 
(gain in body weight per uni t length and ponderal index, K). 
Diet-G performed b e t t e r than ' 3 ' and 'A' in t h a t order . High 
l e v e l s of d i e t a ry p ro t e in and carbohydrate but low f a t content 
showed bes t r e s u l t s (batch ' G ' ) , The importance of the d i e t s 
•vri-th respec t to the metabolic s ign i f i cance of t h e i r cons t i t uen t s 
has been e l abo ra t e ly presented . 
Fig. 1 Concentrations of protein (white bars) and 
glycogen (black bars) in the muscle of 
Gyprinus carpio fed different diets. Ver-
tical lines indicate standard error of mean. 
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TABLE - I Proportions of ingredients in a i r t i f ic ia l feeds 
(A,B,C) 
Dietary ingredients 
Proportions of ingredients 
B 
Indian gooseberry meal 
Linseed oil cake 25 
Fish offal meal 25 
Sugarcane roughage 50 
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TABLE - I I I N u t r i t i o n a l da ta of Cyprinus carpio supplied 
compounded d i e t s (A,B,C) (Adopted from Haque 
1986) 
Diets 
Parameters 
A B 
Percentage gain in body-
weight, g 
29.23 47.54 56.76 
Ins tantaneous growth rate(%) 0.85 1.30 1.50 
Pood quotient 5.13 3.15 2.64 
Prote in e f f ic iency r a t i o 0.72 1.06 1.16 
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TABLE - Y Pro te in and glycogen concentra t ion (fresh weight 
ba s i s ) in muscle of Cyprinus carpio supplied 
d i f fe ren t d i e t s (A,B,C) 
Diets P ro t e in , 7^  Glycogen, mg/100 g 
(Mean + Standard e r ror ) (Mean + Standard e r ro r ) 
14.63 + 0.124 146.02 + 2.30 
B 13.03 + 0.171 165.00 + 1.92 
20.48 + 0.117 177.65 + 1.31 
CHAPTFF'- VM 
INFLUENCE OF RATION QUALITY ON GROWTH, SOMATIC AND ORGAN CONDITION 
AND BODY COMPOSITION OF CATFISH HBTBRQPNBUSTES F0SSILI3 
INTRODQCTION 
T r i a l s of c o s t - e f f e c t i v e p r a c t i c a l d i e t s i n v o l v i n g c a t f i s h 
H e t e r o p n e u a t e s f o s s i l i s have assumed c o n s i d e r a b l e impor tance in 
r e c e n t y e a r s . Th i s s p e c i e s r a n k s h igh i n p o p u l a r i t y and i s r e a r e d 
i n s e v e r a l s t a t e s of n o r t h I n d i a . B e s i d e s , H. f o s s i l i s a l s o 
t h r i v e s we l l i n c a p t i v i t y and s u r v i v e s t h e r i g o r s of exper iments 
i n r e s e a r c h l a b o r a t o r i e s . I n s e v e r a l p l a c e s i t i s r e p l a c i n g frog 
i n p r a c t i c a l d e m o n s t r a t i o n . A t t e n t i o n i s g iven to ma in t a in ing 
and managing p o p u l a t i o n s of t h e c a i f i s h so as t o c a t e r t o t h e 
c u l i n a r y demands of' t h e p o p u l a t i o n ; and e d u c a t i o n a l needs of 
i n s t i t u t e s . Farming of t h e f i s h r e q u i r e s r e g u l a r supply of 
c o s t - e f f e c t i v e a r t i f i c i a l f e e d s , t n t h i s e x e r c i s e two k inds of 
d i e t s were used.- One compris ing meat of low market va lue p l u s 
i n g r e d i e n t s such a s b lood meal , l i n s e e d o i l cake and egg s h e l l , 
and t h e o t h e r of e x c l u s i v e l y minced f l e s h . I n f l u e n c e of t h e s e 
d i e t s on growth and b iochemica l compos i t ion of f i s h was examined. 
The d a t a throw l i g h t on t h e r e l a t i v e n u t r i t i o n a l q u a l i t y of d i e t s 
and t h e e f f i c i e n c y of t h e i n g r e d i e n t s u sed . 
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MATBEIALS AHD ICETHODS 
L i v e f i n g e r l i n g s of H e t e r o p n e u s t e s f o s s i l i s ( t o t a l l e n g t h , 
10-13 cm and body we igh t , 8-12 g) were p rocured from l o c a l ponds 
a t A l iga rh ( L a t . 27° 30 ' 3 0 " N, Long. 78° 9 ' 2 6 " E ) , b rought to 
l a b o r a t o r y a q u a r i a (75 x 28 x 30 cm) and a c c l i m a t e d f o r t h r e e 
days . During t h i s p e r i o d t h e f i s h were fed f r e s h minced meat 
of bu f f a lo t o s a t i a t i o n . Th is meat i s of i n f e r i o r q u a l i t y , low 
consumer appea l and i n e x p e n s i v e . Unused food was s iphoned off 
every 24 h o u r s when t h e w a t e r was changed. The f i s h specimens 
were randomly grouped i n t o two b a t c h e s c o n s i s t i n g of 20 i n d i v i -
d u a l s each. D i s so lved oxygen c o n c e n t r a t i o n , pH and t e m p e r a t u r e 
were 4 . 5 - 4 . 7 ppm, 7 .5 and 26-28°G, r e s p e c t i v e l y . The compounded 
d i e t 'A* c o n t a i n i n g l i n s e e d o i l cake, b lood meal , egg s h e l l , 
minced meat i n the r a t i o 1 7 : 2 0 : 3 : 6 0 and t h e d i e t ' S ' ( e x c l u s i v e 
minced meat (Tab le I ) were supp l i ed s e p a r a t e l y t o t h e b a t c h e s 
a t t h e r a t e of 5% of body weigh t . Oheraical composi t ion and 
energy va lue of d i e t s a r e d e s c r i b e d i n Table I I . Feeding 
con t inued f o r 4 weeks. Twenty four hou r s a f t e r t h e l a s t feeding 
t h e specimens were taken out of a q u a r i a , weighed and then d e c a p i -
t a t e d . The l i v e r was immedia te ly d i s s e c t e d o u t , i t s adher ing 
l i q u i d b l o t t e d on abso rben t p a p e r b e f o r e we igh ing . L i v e r - s o m a t i c 
index was c a l c u l a t e d by the form\i la: 
Wet weight of l i v e r (g) 
•^ •^^  = Weight of i n t a c t f i s h (g) ^ "^^^ 
- 77 -
Muscle sample was exc i sed from a f i x e d l o c a t i o n i n t r u n k and 
p roces sed f o r q u a n t i t a t i v e e s t i m a t i o n s of p r o t e i n and glycogen 
u s i n g t h e t e c h n i q u e s o u t l i n e d i n Chapter I I . The chemical and 
c a l o r i f i c a n a l y s i s of d i e t s were c a r r i e d out by t h e methods 
d e s c r i b e d i n Chapter I I I . 
Methods f o r e v a l u a t i n g t h e l e n g t h - w e i g h t r e l a t i o n s h i p of 
f i s h and t h e c o n d i t i o n c o e f f i c i e n t were t h e same a s d e s c r i b e d 
i n Chapter I . 
RSSULT3 AITD DISCUSSION 
deed ing t r i a l s on H e t e r o p n e u s t e s f o s s i l i s amply demos t ra ted 
t h e i n f l u e n c e of d i e t a r y p r o t e i n l e v e l on growth and b iochemica l 
makeup of m u s c u l a t u r e . Table I I I and P i g . 1 show t h a t t h e d i e t 
'A' which was r i c h i n p r o t e i n (74 .3^ ) was f a r more e f f e c t i v e i n 
i n c r e a s i n g t h e c o n c e n t r a t i o n s of p r o t e i n and glycogen compared 
t o d i e t ' B ' whose p i n t e i n c o n t e n t was only 68.2%. The specimer.s 
s u p p l i e d p r o t e i n - r i c h d i e t had h igh e f f i c i e n c y of convers ion of 
food i n t o f l e s h and grew f a s t e r . A se r )a ra te l i n e of work (v ide 
Table 17) pe r sued by Haque (1986) b e a r s t e s t i m o n y to t h i s f a c t . 
Severa l p u b l i c a t i o n s from t h i s l a b o r a t o r y have demons t ra ted t h e 
n a t u r e of r e l a t i o n s of t h e b iochemica l c o n s t i t u e n t s wi th grov^th, 
h e a l t h and g e n e r a l c o n d i t i o n of f i s h e s (Mustafa and J a f r i , 1976; 
Mustafa 1977b, 1978b, 1979; Mustafa and Z o f a i r , 1983) . The work 
"^y-. 
• \ 
.^,., ./3Z ^ 9 .y/« 
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emphasizes the dynamics of MA and significance of RNA/DNA ra t io 
in f ish under different l iving conditions. I t i s obvious that 
the-amino-acids derived from the digestion of dietary protein 
serve as raw materials in the synthesis of f ish protein. The 
deficiency of protein in diet which decreases the free amino 
acids in the cytoplasm i s the main impediment in the protein 
manufacturing process. Decline in the gro\rbh ra te and condition 
index of fish i s the net resul t of the setback to protein bio-
synthesis. H. f o s s i l i s being a predatory and predominantly 
caniivorous f ish has a digestive system modified for u t i l i z ing 
a protein rich d ie t . This i s evidenced by high ac t iv i ty of 
proteolyt ic enzymes. Mustafa (1976b) has given a detailed accoxmt 
of the re la t ionshio between nature of diet and digestive physio-
logy. The high efficiency of protein digesting enzymes contributes 
to assimilation of breakdown p2X)ducts of t h i s nut i ient in the ce l ls 
and hence to ce l lu lar reparation and growth. Unlike the storage 
of glycogen in l i v e r , muscle, e tc . and piling up of t r ig lycer ides 
in the adipose t i ssue for future requirements follo^cLng excess 
intake of dietary carbohydrate and l i p id , the protein biosynthesis 
does not lead to the formation of a 'depot'. Hov^ever, protein 
turnover in soft t i s sues has been observed and described as 
changing prof i les . Ear l ier concept that the protein once having 
become a part of the t i s sue takes the form of a permanent reserve 
does not hold good. The protein dynamics needs further elaboration 
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at t h i s stage. The s t ructura l protein i s stable no doubt, but 
there i s also a l ab i l e fraction which does not enter ce l lu la r 
s t ructure . The l a t t e r type of protein shows a pattern of f luc-
tuation which var ies with the kind of t i s sues , being more d i s -
t inc t in metabolically active ce l l s . Mobilisation and replenish-
ment of l ab i l e protein have been reviewed by Nielsen (1979). The 
replenishing i s accomplished by the digestion of dietary protein 
and assimilation of i t s breakdown substances. The phenomenon 
wherein the products of catabolism seirve as the substrates of 
anabolism i s an economically feasible process and the body promotes 
i t . Faster synthesis of protein accelerates gains in weight per 
unit length and improves the,general condition of f i sh . These 
factors also account for be t te r appeti te and laying down of more 
glycogen. This i s supported by the findings of Mustafa and Jafri 
(1981). These authors presented quanti tat ive rela'cions of 
glycogen with the condition index in Heteronneustes f o s s i l i s 
through regression models. Present piece of work throws l ight 
on the coincidence of anabolic pathways of glycogen and protein 
under given set of conditions. Amino acids in excess of the f ish 
requirements res\ilting from the intake of high protein diet may 
also tindergo deamination and the keto acid yield of t h i s reaction 
may be diverted to 1) Krebs cycle for releasing metabolisable 
energy and 2) the formation of glycogen. Musculature and l ive r 
are the important anatomical locations with high capacity for 
glycogen storage. A close parallelism was seen in glycogen 
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concentration and l iver somatic index. Evidently, glycogen is 
the principal storage substance that influences l i v e r weight. 
Liver somatic index in specimens supplied diet-A (1.41 -i- 0.0 5) 
was greater than in those reared on B-diet where i t was 1.30 + 0.05. 
Another in teres t ing point emerging from present observations i s 
the direct re la t ionship of the l iver-somatic index with the 
ponderal index (condition coefficient) of the f ish. Nutritional 
factors which improve overall condition of fish also influence 
l iver-somatic index. I t has been c lar i f ied e a r l i e r tha t glycogen 
i s the chief substance effecting gravimetric changes in l i ve r . 
Publications of Heidinger and Crawford (1977), Jensen (1979), 
Bxaow et a l . (1981"', Mustafa and Jaf r i (1981) and Mustafa and 
Mittal (1982) demonstrate the sens i t iv i ty of LSI to nut r i t iona l 
s tatus of fish and recommend i t s use in evaluating condition of 
fish from different environments with variable physical, chemical 
and biological (par t icu lar ly trophic) fac tors . Perusal of 
Table V reveals that in A-batch of fish the body weight grew 
2.62 times the body length compared to B-batch ;i;here the growth 
factor was 2.23. The ponderal index seems to bear positive 
re la t ion with l iver-somatic index and concentrations of the 
biochemical consti tuents (protein and glycogen) described ear l ie r . 
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SUI#IARY 
Ef f ec t of a c o s t - e f f e c t i v e d i e t (A)' c o n t a i n i n g l i n s e e d o i l 
cake, "blood meal , egg s h e l l and minced meat i n t h e r a t i o 1 7 : 2 0 : 
3:60 was s t u d i e d on f i n g e r l i n g s of c a t f i s h H e t e r o p n e u s t e s f o s s i l i s . 
The r e s u l t s were compared wi th performance of e x c l u s i v e minced 
meat d i e t ( 3 ) . The d a t a r e v e a l e d the s u p e r i o r i t y of d i e t - A ; 
p r o t e i n and g lycogen c o n c e n t r a t i o n s were h i g h e r and the v a l u e s 
of l e n g t h - w e i g h t exponent , c o n d i t i o n c o e f f i c i e n t and l i v e r - s o m a t i c 
index were l a r g e r i n t h i s group (h = 2 . 6 2 , K = 0 , 8 0 7 , LSI = 1.41) 
compared t o v a l u e s of t h e s e p a r a m e t e r s i n t h e o t h e r b a t c h 
(h = 2 . 2 3 , K = 0 . 7 7 7 , LSI = 1 . 3 0 ) . The d a t a have oeen i n t e r p r e t e d 
i n d e t a i l i n t h e c h a p t e r . 
Fig. 1 Concentrations of protein (white bars) and 
glycogen ("black bars) in the muscle of 
Heteropneustes fo s s i l i s fed different d ie t s . 
Vertical l ines indicate standard error of 
mean. 
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TABLE - I Relative proportions of ingredients of the 
artificial feeds (A and B) 
Dietary ingredients Proportions of ingredients 
A B 
Linseed o i l cake 17 
Blood meal 20 
Egg s h e l l 3 
Minced meat 60 100 
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TABLE - III Protein and glycogen concentration in the muscle 
of Heteropneustes fossilis supplied two diets 
(A,B) 
Diets Protein, Vo Glycogen, mg/lOO g 
(Mean + Standard error) (Mean + Standard error) 
18 .62 + 1.06 181 .5 + 7.82 
S 15 .03 + 1.89 136 .5 + 6 .42 
TjlBLB - 17 Grrowth and n u t r i t i o n a l da ta of Heteropneustes 
f o s s i l i s supplied compounded d i e t s (Adopted 
from Haque, 1986) 
Parameters 
Diets 
B 
Percentage gain in body weight, g 39.19 16.19 
Ins tantaneous growth r a t e (%) 1.10 0.50 
Pood conversion ef f ic iency (%) 26.13 10.79 
Food quot ient 3.83 9.26 
Pro te in e f f i c iency r a t i o 0.60 0.02 
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RELATIYE EFFECTS OF HTJTRIENTS WITH SPECIAI RSFBREITCE TO PROTEIN 
ON GROWTH AND BIOCHEMICAL CONSTITUENTS IN CATFISH HETER0PNEU5TES 
FOSSILIS 
INTRODUCTION 
This study was conducted to evaluate the protein requirements 
of young Heteropneustes fossilis using slaughter house waste as 
the nutrient source. The rate of protein turnover in fish is 
governed chiefly "by the quality of dietary protein. Protein needs 
are maximum for growth process (Hastings and Dupree, 1969; NAS-NRG, 
1977; Halver, 1979b; Watanabe et al., 1979). These and some other 
physiological important roles of protein make the nutrient worthy 
of investigations particularly in predator^ '- fish like H. fossilis 
which depends on larger amounts of this nutrient. Different kinds 
of tissue sources of protein were supplied to the fish and obser-
vations made on body weight gains and biochemical constituents. 
Data pertaining to condition coefficient (-Donderal index) and 
liver somatic index were also obtained to substantiate the 
chemically derived information. 
MATERIALS AND METHODS 
Live specimens of Heteropneustes fossilis (total length 
12-15 cm, body weight 9.5-15 g) collected from the freshwater 
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ponds at Aligarh were brought to laboratory and acclimatized for 
3 days. During this period they were supplied minced buffalo 
meat to satiety. The individuals were randomly grouped into 
4 batches of 15 each and reared in glass aquaria. Four types 
of diets : A (minced meat), B (minced liver), C (minced spleen) 
and D (minced intestine) were provided separately to the groups 
of fish. These diets were in fresh form. Chemical composition 
of diets has been given in Table I. Ration was supplied at the 
rate of 3% of body weight of fish. Water of the glass aquaria 
was renewed daily. The feeding trial lasted for a period of 
4 weeks. The dissolved oxygen concentration, pH and temperature 
were 4.5 ppm, 7.5 and 26-28°C, respectively. After allowing 
10 hours time for defecation following last feeding, the specimens 
were taken out and recorded for length and weight and then decapi-
tated. 
Liver was immediately dissected out and weighed. Liver-
somatic index was calcxxlated using the formiila described in 
Chapter 711. Liver and muscle samples were processed for estimation 
of protein and glycogen contents according to the methodology out-
lined in Chapter II. Technique employed for determination of fat 
content of the muscle was the same as adopted for quantitative of 
dietary fat (vide Chapter III). 
For the estimation of moisture a known amount of fresh 
tissue was placed in preweighed petridish and transferred to a 
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thermostat running at 100°C for 48 hours. The sample was then 
reweighed. Loss in weight gave the amount of water in the tissue 
sample. Prom this value the water was calculated on percentage 
basis. 
Ponderal index (condition coefficient) was derived using 
the formula given in Chapter I. 
RESULTS 
Data pertaining to growth and feed u t i l i z a t i o n of 
Heteropne\zstes f o s s i l i s supplied different d i e t s (A, B, G, D) 
have been shown in Table I I . I t can be seen from the observations 
that diet 'A' gave be t t e r performance than a l l the other feeds 
supplied ( B , C, D ) . These resu l t s are corroborated by the per-
centage g.sdn in body weight, specific growth r a t e , food conversion 
efficiency, food quotient and protein efficiency r a t i o . Pood 
conversion efficiency was quite sensi t ive to protein intake and 
increased with dietary protein l eve l . The efficiency of diet 
can also be deduced from the value of food quotient (>diich i s 
reciprocal to specific growth r a t e and food conversion efficiency), 
Performance of d i e t s was closely related to t h e i r energy value 
(protein, f a t , carbohydrate ca lo r ies ) . Protein percentage was 
highest in diet-A (18.03) followed by B (13.60), C (11.65) and 
D (7.05) and t h i s influenced growth in the same pat tern; the gains 
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in body weight/unit body length, efficiency of the conversion of 
food into flesh, as well as dietary protein assimilation in the 
body were high in specimens reared on diet 'A' compared to 
specimens fed d ie t s ' B ' , ' C and 'D*. The non-protein sources 
(carbohydrate and fat) also influenced the efficiency of food 
conversion and protein assimilat ion. Diet *B, *G* and 'D' 
contained 2.85, 1.65 and 1.05 percent caAohydrate, respectively, 
whereas 'A* was poorer in t h i s component (0.57%). The carbohydrate 
content was highest in diet-B. The four kinds of feeds showed 
minor differences in fat percentage (A:10.5, B:10.2, 0:11.4, D:11.2). 
Dietary quali ty seemed to exert noticeable influence on biochemical 
composition of the f ish body (concentrations of protein and 
glycogen in the present case). Table I I I and Fig. 1 reveal that 
concentration of protein was higher in specimens supplied diet 'A*, 
followed by those maintained on res t of the d ie t s in respect of 
the i r dietary pix)tein l eve l . The glycogen concentration was 
highest in f ish fed diet 'B' followed by those supplied d ie t s A, C 
and D. Evidently, dietary protein influenced body protein far 
more effectively than other ingredients. I t can be seen from 
Table IV and Fig. 2 that dietary influence on the protein concen-
t ra t ion of f i s h ' s l i v e r was in the same manner as that on body 
protein, but the glycogen content of l i ve r t i s sue registered 
highest value in fish maintained on diet-B (43.9 mg/g) and in 
other batches the sequence was : A (19.9 mg/g), C (14.1 mg/g) 
and D ( l3.2 mg/g). Obviously, fishes fed minced buffalo l i ve r 
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( d i e t ' B ' ) s t o r e d more g lycogen i n bo th muscle and l i v e r . L i v e r 
showed a p p r e c i a b l y h i g h e r g lycogen c o n c e n t r a t i o n because i t can 
s t o r e more of t h i s p o l y s a c c h a r i d e p e r u n i t weight than t h e muscle 
bu t a t t h e same t ime i t i s no t so e a s i l y m o b i l i z e d as g lycogen i n 
t h e l i v e r ; t h e q u a n t i t y once s t o r e d remains p r e s e r v e d f o r more 
t ime i n t h e h e p a t i c t i s s u e . The adequacy of a d i e t has an o v e r a l l 
p o s i t i v e e f f e c t on f i s h . Robus tness of f i s h a s w e l l a s f u n c t i o n a l 
i n t e g r i t y of i t s o rgans b e a r x*-itnes3 t o n u t r i t i o n a l q u a l i t y of 
d i e t . Hence, i n t h e s tudy a d i r e c t r e l a t i o n s h i p seemed t o e x i s t 
between p o n d e r a l i ndex and l i v e r - s o m a t i c index (Table I I I ) . 
Encouraging r e s u l t s wi th s l a u g h t e r house waste s i g n i f y economical 
a spec t of t h e i r f o r m u l a t i o n i n a p r a c t i c a l d i e t f o r c a r n i v o r o u s 
c a t f i s h , 
DISCUSSION 
Growth of t h e c a t f i s h was c l o s e l y r e l a t e d t o p r o t e i n i n t a k e . 
The v a r i o u s n u t r i t i o n a l p a r a m e t e r s o u t l i n e d a s w e l l a s t h e body 
composi t ion of t h e f i s h e x p l i c i t e d t h i s f a c t . The die ta i ry p r o t e i n 
p r o v i d e s amino a c i d s , t h e b a s i c raw m a t e r i a l s f o r r e c o n s t r u c t i o n 
and b u i l d i n g of t i s s u e s , t h u s suppo r t i ng g rowth . H. f o s s i l i s 
be ing a c a r n i v o r o u s f i s h , i t s d i g e s t i v e system i s cha rac te i r i zed 
by h i g h a c t i v i t y of p r o t e o l y t i c enzymes capab le of d e a l i n g wi th 
p r o t e i n - r i c h d i e t . Food convers ion e f f i c i e n c y seemed t o defend 
t o a g r e a t e r e x t e n t on q u a n t i t a t i v e i n t a k e of p r o t e i n . This i s 
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strengthened "by the r e su l t s of Rychly (1980), Garcia _et a l . (1981) 
and Yiola and Ar ie l ! (1982), Proteins from the animal sources 
have high nu t r i t i ve quality and a major part of t h i s nutrient i s 
available for absorption and digest ion. That the animal protein 
i s be t t e r digested than plant protein has been documented ea r l i e r 
by Huet (1972) and Jobling (1981). Protein efficiency ra t io was 
highest in f ish fed the diet (B) containing lowest amount of 
protein and vice-versa. The r e su l t s reveal b e t t e r protein u t i l i -
zation. Whole body fat concentration of f ish was also related to 
the level of dietary fat but the progression was not as strong as 
in the case of protein. However, fat intake was reciprocally 
related to dietary protein l eve l . A protein-r ich diet worked 
against fat accum\ilation in the body t i s sues . Protein acts both 
as a nutr ient and as an energy source. Sufficient amount of 
energy must be present in diet for incorporation of amino acids 
into t i s sues , and for a variety of other functions. The fact 
that protein calor ies per gram influence the protein efficiency 
ra t io and protein u t i l i z a t i on i s obvious. 
In teres t ing biochemical changes in the body occurred and 
were related to biosynthesis of t i s sue building and storage 
substances. I t i s well established that ce l lu la r production of 
protein i s mianly responsible for growth (Bulow, 1970 and Mustafa, 
1977b). Evidences on the posi t ive correXation between the protein 
concentration and condition factor of fish are available in the 
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work of MacComish e t a l . (1974) and Mustafa and Zofair (1983). 
The coincidence of high RNA concentra t ion with high p ro te in 
l e v e l (Haque, 1986) ind ica ted the r o l e of the nuc l e i c acid in 
p ro te in s y n t h e s i s . I t has been ou t l ined in previous chapters 
tha t the l a b i l e p ro te in a r i s e s from amino ac ids o r ig ina t ing 
from d iges t ion of food as well a s from the p r o t e i n breakdown 
in the body. P ro t e in turnover i n soft t i s s u e s i s a r e a l i t y and 
can not be ignored. P h i l l i p s e t a l . (1967, 1969) and Poston 
(1969) have given a t t e n t i o n to energy sources and prote in-energy 
u t i l i z a t i o n by t r o u t . The r e l a t i o n s h i p between energy content 
and p ro t e in content of d i e t s has been examined by several workers 
(Ringrose, 1971; Lee and Putnam, 1973; Page and Andrews, 1973; 
Cowey et^ a l . , 1975; Takeda e^ a i . 1975). With ce r t a in careful ly 
se lec ted d i e t s i t i s poss ib le of course wi th in d e f i n i t e l i m i t s 
to decrease p ro t e i n in take without appreciable l o s s of growth, 
provided d i e t a r y energy was maintained by the add i t ion of f a t 
or carbohydrate (Ringrose, 1971). With diet -B which was r i c h 
in carbohydrate the energy requirement of t h e f i s h was met mostly 
by t h i s non-ni t rogenous ingred ien t and the e n t i r e stock of pro te in 
coTold be spared for r epa ra t ion and growth. G-lycogen l e v e l i n the 
t i s s u e of f i sh fed l i v e r i s higher (246.2 mg/lOO g) than the 
specimens supplied minced meat (202.2 mg/lOO g ) . E a r l i e r s tud ies 
( P h i l l i p s ^ a l . , 1960; P h i l l i p s , 1969; Kot t , 1971; Edward et^ a l . , 
1972; H i n t o n ^ a l . , 1972; Brat land et a l . , 1 9 7 6 ; Jensen, 1979) 
have amply demonstrated the l i v e r as the chief s t o r e house of 
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glycogen and t r ig lycer ide and tha t a f ter feeding the same to f ish 
i t generates a d i rec t effect on the t i ssue of consumers with the 
increasing amount of glycogen. Glycogen i s far more dynamic 
than protein and i s considered to "be an index of robustness or 
general well being of f i shes . High concentration of glycogen in 
fish fed die t 'B' i s of addit ional advantage in asmuch as i t 
influences weight gain and mobilisation of energy in anaerobic 
condition. According to Wilson et a l . (1967) " fat bums in 
the flame of carbohydrate" and t h i s expression serves to emphasize 
the role of carbohydrate in energetics. The glycerol part of 
t r ig lycer ides , the deaminized amino acids and the glycolytic 
products are considered to be •orecursors of glycogen. The 
glycolyt ic products are , however, more efficient in t h i s respect. 
Further, glycogen also ar ises by reversal of Embden-Meyerholf-
Pamas pathways of glycolysis . Thus the carbohydrate r ich diet 
enriched the somatic t i ssue with glycogen more effectively than 
die ts rich in other kinds of nu t r i en t s . Muscle glycogen which 
represents about two-thirds of the t o t a l reserve of t h i s substance 
i s designated solely for the use of t h i s t i ssue whereas l i v e r 
glycogen i s available as a source of energy to any of the body 
ce l l s . The formation of glycogen takes place when the blood 
glucose increases beyond i t s normal level and extra amounts of 
glucose are present in the blood stream. The glycogen breakdown 
takes place at the time when carbohydrate i s not adequately 
absorbed from the i n t e s t i na l t r a c t . Hence to meet the resulting 
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def ic i t in the energy supply to body ce l l s the l i ve r glycogen 
i s mobilized and the process continues t i l l the ce l l s begin to 
synthesize glucose from non-carbohydrate sources. When carbo-
hydrate enters the body in adequate quantity, different fractions 
perform different functions such as energy supply for metabolic 
process, f a c i l i t a t i n g the u t i l i z a t i o n of body fa t , sparing role 
for protein. The complete oxidation of fat to the end products 
(COp and water) depends on pyruvic acid formed during carbohy-
drate metabolism. When insufficient amount of carbohydrate( as in 
diet-A, 0.57^) i s consumed greater amovmts of ketone are -oroduced. 
I t i s clear from the present data that out of the non-protein 
energy substances the f ish prefers glycogen over fat when supplied 
formulated feeds within quant i ta t ive l imi t s as can be found out 
from the composition of various feeds (Table I ) . As described 
elsewhere in the thes i s the glycogen accumulation involves 
deposition of considerable quantity of water:storage of each 
gram of glycogen i s accompanied by at l eas t 3 grams of water 
(Nielsen, 1979). The amount of fat u t i l i zed i s replaced by water 
which accompanies glycogen accumulation in f i sh . The reported 
negative fat-water re la t ionship ( Idler and Bitners , 1959; Anon, 
1966; Coppini, 1967; Love, 1970, 1980) in fish t i s sues owes to 
th i s factor . However, when the nu t r i t iona l s ta tus of the f i sh 
improves ce l lu la r water gives way to organic nu t r ien ts including 
protein, glycogen and fa t . 
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Dietary influence on l i ve r seen clearly established by the 
data. The synthesis ra te i s generally high in the l ive r compared 
to many other t i ssues of the body. A re la t ive ly recent report 
on t h i s aspect has been published by Walton and Cowey (1982). 
Highest protein concentration (20.7%) in l i v e r was found in fish 
fed diet-A followed by those supplied d ie ts B(l9.0*/^), C(l7.7^) 
aad D ( 1 5 . 6 % ) . This s ignif ies enhanced metabolic response of l i ve r 
particTolarly with respect to protein in whose synthesis HUA plays 
a key ro le . Posit ive relat ionship of RNA with metabolic status 
of different body t i s sues and organs has been shown by Mustafa 
and Shams (1982). The presumably higher feeding in tens i ty of 
batch-A f ish contributed to laying down of excess nut r ients in 
the l i v e r and gain in i t s weight. The appetizing effect of the 
feed enhanced food assimilation, be t t e r retent ion of nutr ients 
and protein anabolism. 
The l iver-somatic index maintained direct re la t ion with 
the type of d i e t s supplied. Ear l ie r invest igat ions of Bulow(1971), 
Shams (1980) and Mustafa and Mittal (1982) have documented the 
sens i t iv i ty of l i v e r to changes in food intake and general 
physiological s ta tus of f ishes and suggested use of th is intei3ial 
organ's condition as an index of l iv ing standard of f i sh . In the 
present case higher ponderal index (0.711) of batch-A fish implied 
that the specimens had the tendency to put on more weight/unit 
length. Edwards et a l . (1972) reported a close re la t ion between 
l i ve r size (within normal l imi ts) and food assimilated in cod. 
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Under certain circumstances i t may prove desirable to correlate 
the l iver-somatic index with caloric intake. Dietary calories 
in surplus of the energy needs of the body are stored primarily 
as fat and glycogen for the future energy needs. A comparison 
of the performance of remaining of the d ie t s revealed that diet 
'G* was be t t e r than 'D ' . The protein content of the muscle and 
l i v e r of specimens supplied C-diet was 13.7/^ and 17.7%, respec-
t ive ly , while in batch-D protein percentage was 11.8% in muscle 
and 15.6^in l i v e r . Ingredients in d ie t s ' C and 'D' are turned 
out fTom slaughter house at low or no-cost at a l l but nut r i t ional ly 
or performancewise these prove to be r ich. Spleen gave be t te r 
resu l t s than the in t e s t ina l t i s sue . The findings lay s t ress on 
the u t i l i t y of cost-effective dietary formulations for a r t i f i c i a l 
feeding of cat f ishes . 
3UMI4ARY 
Studies on growth and body composition of catfish 
Heteropneustes f o s s i l i s indicate that diet-A (minced meat) with 
protein level (18.03%) can sa t i s fac tor i ly cater to fish require-
ments. Pish sut)nlied diet-D (minced in tes t ine) showed lowest 
values of nu t r i t iona l parameters. Diet-B(minced l iver) and 
diet-C (minced spleen) gave intermediate values. The protein 
d iges t ib i l i t y was found to be influenced by seversuL dietary 
factors . Diet r ich in energy produced fas te r growth. Dietary 
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protein level was posi t ively related to the t i s sue and l i ve r 
concentrations of protein. Pish fed on minced l i v e r (diet-B) 
showed greater glycogen concentration in muscle as well as in 
l i ve r . The influence of a r t i f i c i a l d i e t s ' ingredients on 
biosjnithesis of protein and accumulation of fat and glycogen 
has been described. Ponderal index and liver-somatic index 
were highest in batch-A followed by ' 3 ' , ' C and 'D ' . Present 
study reveals that f ish fed d ie t s with 18% protein grew bet te r 
and assimilated required amount of nu t r ien ts and energy. 
Pig. 1 Goncentrations of protein (white bars) aad 
glycogen (blaok bars) in the muscle of 
Heteropneustes fossilis fed different diets. 
Vertical lines indicate standard error of 
mean. 
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Fig. 2 Concentrations of protein (white bars) and 
glycogen (black bars) in the liver of 
Heteropneustes fossilis fed different diets. 
Vertical lines indicate standard error of 
mean. 
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TABLE - II Nutritional data of Heteropneustes fossilis supplied 
different diets (A,B,C,D) (Adopted from Haque, 1986) 
Parameters Diets 
D 
Percentage gain in body 30.54 25.23 19.42 10.92 
weight, g 
Ins tantaneous growth 0.S8 0.75 0.59 0.34 
r a t e (%) 
Food quot ient 2.96 3.56 4.63 8.23 
Pood conversion eff ic iency 33.75 28.03 22.39 12.15 
Pro te in e f f ic iency r a t i o 1.90 2.03 1.85 1.72 
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TABLE - IV Concentrat ions of p ro te in and glycogen in the 
l i v e r of Heteropneustes f o s s i l i s fed d i f fe ren t 
d i e t s (wet weight bas i s ) 
Diets P ro t e in , ^^  Glycogen, mg/g 
(Mean + Standard e r ror ) (Mean + Standard eirror) 
19.9 + 0.46 
43.9 + 0.34 
1 4 . 1 + 0 .24 
13.2 + 0.08 
A 
B 
G 
D 
20.7 + 0.88 
19.0 + 0 .01 
17.7 + 0.11 
15.6 + 0.01 
CHAPTER - IX 
BIOLOGICAL CONDITION AND BIOCHEMICAL CONSTITUENTS OF MURRSL 
CHANNA PUNCTATUS SUPPLIED ARTIPIGIAL FEEDS OF DIFFERENT 
CHEMICAL AND ENERGY QUALITY 
INTRODUCTION 
Th i s exper iment was des igned t o e x p l o r e t h e e f f e c t s of 
d i e t a r y v a r i a t i o n s on growth and h e a l t h s t a t u s of mur re l Ohanna 
p u n c t a t u s . The t h r u s t i s on p r o t e i n u t i l i z a t i o n . The f i s h i s 
one of t h e commonest s p e c i e s of f r e s h w a t e r s of I n d i a and c o n s t i -
t u t e s an y e a r - r o u n d c a p t u r e f i s h e r y . Recent y e a r s have wi tnessed 
i n t e r e s t i n i t s c u l t i v a t i o n . There a r e s e v e r a l r e p o r t s of poor 
growth and y i e l d of t h e mur re l i n a r t i f i c i a l ponds . The at i thor 
u n d e r s t a n d s t h e r e a s o n being n u t r i t i o n a l . I t was, t h e r e f o r e , 
cons ide red i m p o r t a n t t o i n v e s t i g a t e n u t r i t i o n a l r e q u i r e m e n t s of 
the f i s h and t o t r y fo rmula t ed d i e t s f o r b e t t e r r e s u l t s i n terms 
of growth and p r o d u c t i o n . This c h a p t e r embodies d a t a and i n f o r -
mat ion on t h e s e a s p e c t s . 
MATERIALS AND METHODS 
F i n g e r l i n g s of Channa pxmcta tus ( a v e r a g e w e i g h t . 7 . 7 4 g, 
t o t a l l e n g t h 6 .21 cm) were randomly s tocked i n d u p l i c a t e b a t c h e s 
c o n s i s t i n g of 60 specimens each and ma in ta ined i n s e p a r a t e 
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a r t i f i c i a l l y const ructed ponds (3 f t x 3 f t x 3 f t ) . Tlie tempe-
r a t u r e , pH and dissolved oxygen concentra t ion of the medi'om were 
30-32 G, 7.5 and 8 ppm, r e s p e c t i v e l y . After accl i iaat ion for a 
week two types of compounded d i e t s (Table I ) in dry and f ine ly 
grained form were supplied separa te ly to these groups of f inge r -
l i n g s at the r a t e of ^"J, of body weight. The chemical composition 
and c a l o r i f i c value of d i e t Cvide T^able I I ) were worked out 
according to t he techniques given in Chapter I I I . Size of the 
r a t i o n was decided a f t e r carrying out prel iminary feeding t r i a l s 
before the experiment with ob jec t ive of determining the food 
quant i ty commensurate with the a p p e t i t e of the f i s h . Feeding 
continued for 4 weeks, a f t e r which the f i s h were removed, measured 
for length and weight and s a c r i f i c e d . N u t r i t i o n a l parameters 
taken note have been embodied in Table I I I . 
P ro t e in and glycogen concentra t ions were determined by the 
methodology ou t l ined in Chapter I I . 
Length-weight exponent and ponderal index were evaluated 
using the formulae given in Chapter I . 
Muscle f a t was determined by the help of soxhlet ex t rac t ion 
apparatus as used for es t imat ion of f a t content in the d i e t 
(vide Chapter I I I ) . 
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RESULTS 
The growth c h a r a c t e r of t h e specimens of Ghanna pur ic ta tus 
fed d i e t s 'A ' and ' B ' was d i f f e r e n t . D i f f e r e n c e s i n t h e n u t r i -
t i o n a l e f f i c a c y of t h e d i e t s a r e o b v i o u s . This i s c l e a r from 
t h e d a t a o b t a i n e d by Haque (1986) and embodied i n Taible I I I . 
Diet ' B ' was more e f f e c t i v e t h a n 'A' i n food a s s i m i l a t i o n , 
n u t r i a i t enr ichment of c e l l s and promoting growth i n the f i s h . 
Although d i e t a r y p r o t e i n con ten t of 'A' was more t h a n 2 . 5 t imes 
t h a t i n ' B ' bu t t h e muscle of f i s h s u p p l i e d l a t t e r type of d i e t 
was r i c h e r i n p r o t e i n (18 .3%) . I n f i s h g i v e n A-d ie t t h e p r o t e i n 
was l 6 . 2 % . The d i e t - 3 con t a ined 2.26 t i m e s more c a r b o h y d r a t e 
than d i e t - A and t h e muscle of i n d i v i d u a l s s u b s i s t i n g on former 
d i e t c o n t a i n e d s m a l l e r q u a n t i t y of g lycogen (184 + 5.88mg/l00 g) 
i n comparison with the o t h e r b a t c h where t h i s c o n s t i t u e n t was 
213.01 + 4 .14 mg/lOO g . Data on muscle g lycogen and p r o t e i n 
have been g i v e n i n Table IV, F i g . 1 . The energy v a l u e of food 
may be one of t h e f a c t o r s e f f e c t i n g d i f f e r e n c e s i n n u t r i e n t 
a s s i m i l a t i o n i n t h e c e l l s . The d i e t - B which p rov ided 371.6 
c a l o r i e s / 1 0 0 g could e x e r t a p o s i t i v e e f f e c t on r e t e n t i o n of 
g lycogen and p r o t e i n , bu t t h e f a c t t h a t t h i s d i e t was j u s t s h o r t 
of about 7 c a l o r i e s / 1 0 0 g, i t i s u n l i k e l y to be of g r e a t conse -
quence. I n c r e a s e i n t h e i n t r a c e l l i H a r i n t a k e of p r o t e i n and 
ca rbohydra t e s u b s t a n c e s i n f i s h s u p p l i e d B - d i e t was accompanied 
by d e c r e a s e i n the f a t c o n t e n t i n t h e c y t o p l a s m i c pool of t h e 
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c e l l s . Thus A-ba tch of f i s h head 2.26 t imes , a s much f a t as the 
B-group specimens d e s p i t e t h e f a c t t h a t t h e d i e t a r y f a t d i f f e -
r ence was j u s t 1,5 t i m e s . Specimens s u p p l i e d d i e t - B were foxmd 
t o grow f a s t e r and had b e t t e r h e a l t h s t a n d a r d compared t o t h o s e 
g iven t h e d i e t - A (Tab le 7 ) . 
DISCUSSION 
dhemical q u a l i t y of d i e t seemed t o p ro found ly i n f l u e n c e 
n u t r i t i o n a l s t a t u s and b iochemica l makeup of t h e t i s s u e s of 
Channa p u n c t a t u s . The d a t a emphas izes t h a t h i g h p r o p o r t i o n s of 
d i e t a r y p r o t e i n and ca rbohydra t e i n c r e a s e t h e muscle c o n c e n t r a t i o n s 
of p r o t e i n and g lycogen , r e s p e c t i v e l y (Table IV, F i g . 1 ) . However, 
t h e f i s h seem t o be more v e r s a t i l e v i s - a - v i s c a r b o h y d r a t e u t i l i -
z a t i o n . Even the p r e d a t o r y s p e c i e s l i k e Channa p u n c t a t u s responded 
t o c a r b o h y d r a t e - r i c h d i e t by i n c r e a s i n g i t s s t o r e of g lycogen . 
B e s i d e s , more smooth a s s i m i l a b i l i t y of c a r b o h y d r a t e , t h e o t h e r 
f a c t o r which s t r o n g l y i n f l u e n c e s c a r b o h y d r a t e dynamics i n t h e 
body i s t h e c a p a c i t y of t h e an ima l s to s t o r e c a r b o h y d r a t e i n t h e 
form of g lycogen d e p o t . There a r e no such d e p o t s f o r p r o t e i n , 
and too much of an exces s of t h i s subs t ance f i n d s i t s way o u t s i d e 
t h e body by deamina t ion o r i n some way by l o o s i n g i t s i d e n t i t y . 
For immediate energy r e q u i r e m e n t s t h e g lycogen d e p o t s a r e mob i l i zed 
and t h i s i s advan tageous i n so f a r as t a p p i n g of energy from p r o t e i n 
and f a t i s f a r more s t r e n u o u s an e x e r c i s e . F u r t h e r , f i s h e s a r e 
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known to undertake sustained swimming and besides aerobic com-
bustion of carbohydrate, glycogen i s also broken down without 
oxygen (anaerobic glycolysis) so as to ensure regular supply of 
energy even when oxygen f a l l s short of oxygenating the required 
amount of carbohydrate. The carbohydrate also rescues the protein 
from breakdown. The stored carbohydrate i s helpful in burning 
fat molecTile for energy supply. This important a t t r ibu te of the 
carbohydrate i s popularly expressed as ' fa t bums in the flame 
of carbohydrate'. A greater involvement of carbohydrate in the 
phenomenon of biological energetics i s thus exp l i c i t . Although 
polysaccharide storage in the body may result from non-carbohydrate 
precursors but the major part of the nutr ient r e su l t s from glycogen 
uni ts arising from the digestion of dietary carbohydrate. Mustafa 
(1976a) while working on carbohydrate metabolism in fish concluded 
that glycogen i s far more dynamic than protein. I t responds to 
short-term changes in nu t r i t iona l level and general condition of 
f ish . Mustafa and Jaf r i (1931) described glycogen level as an 
index of robustness of f i sh . These authors found such a strong 
re la t ion of ponderal index of catfish Heteropneustes fo s s i l i s with 
glycogen concentration of the t i ssues that the re la t ionship between 
the two parameters was formulated in the form of an equation. 
After digestion the glucose level of the blood r i s e s and when i t 
replenishes the mobilized amount, the excess quantity i s diverted 
for transformation into glycogen. This process i s f ac i l i t a t ed by 
insulin hormone which increases the permeability of ce l l membrane 
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to glucose and there are reports that i t gives momentum to the 
reactions involved in formation of glycogen from the glucose 
uni ts (glycogenesis). The glycerol part of t r ig lyce r ides , 
deaminated fract ions of amino acids and glycolyt ic products also 
act on substrates of glycogen sjrnthesis (glyconeogenesis). The 
fat and water maintain reciprocal re la t ionship . Such an in te r -
relat ionship of the two consti tuents has been reported by Love 
(1980). When fat bums, the water is there as a subs t i tu te and 
just when glycogen formation by any of the processes outlined 
above commences water proportion in the c e l l increases. This 
i s so because accumulation of glycogen involves deposition of 
water. According to Nielsen (1979) the storage of one gram of 
glycogen i s accompanied by three grams of water. Any d ie t 
(B-in the present case) which enriches the glycogen depots of 
the body also res t i l ts in increase in the water proportion. The 
gains in body weight are, therefore, not exclusively due to 
re la t ive r i se in t o t a l sol ids , but water also contributes to 
the processes. 
Eventhough Channa punctatus i s predatory and i t s digestive 
system must be equipped with a high ac t iv i ty of proteolyt ic 
enzymes to cope with protein-r ich d ie t , yet dietary protein of 
the order of 23% (dry weight) seems to be more than sufficient . 
In nature, the f ish may feed upon forage f ishes and invertebrates 
but none of these food items contains 23/^  protein (dry weight 
bas i s ) . Therefore, the fish needs are sat isf ied and further 
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quanti t ies are not required. The fish may not be adapted to 
deal with so much of surplus. However, diet-A \diere protein 
was more than 58^ (dry weight), the nutr ient exceeded f i s h ' s 
requirement and capacity of assimilation. Obviously, supplying 
th i s kind of diet did not exert any posi t ive effect on body 
protein level or growth and condition in general . Despite the 
fat that digestion of larger amounts of protein wi l l provide 
more amino acid raw materials for incorporation in f i s h ' s own 
protein through the de l ica te and well organized processes of 
protein biosynthesis in which RNA and DNA play very important 
ro le , but i t seems that nucleic acids arrange for synthesis of 
just that amount of protein which fish requires and the excess 
of raw material may not serve as signal for DNA and RITA for 
renewal of protein synthesis. This i s a feed back mechanism 
and i s very important for normal working of the body. Regarding 
dietary l i p i d s , the body's response i s not appreciably by minor 
a l te ra t ions when the difference in quant i t ies in various feeds 
in marginal and fat content has not reached c r i t i c a l l eve l . In 
a s i tuat ion just as the one obtaining in batch of f ish reared on 
diet-B where i n t r ace l lu l a r intake of amino acids, monosaccharides 
and water i s increasing some part of the fat already present in 
the ce l l s i s dislodged and even i f level of l i p id in the diet i s 
increased or for that matter lowered, body's concentration of 
fat i s not affected. For supporting growth (gain in mass/unit 
length) and for v i t a l i t y of the various organ systems the energy 
demands must be quite high. As a matter of fact the need of 
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e n e r g y - r i c h d i e t s i s l a r g e r . Diet-B seems t o be more impor tan t 
i n t h i s c o n t e x t , eventhough i n t h i s d i e t c a rbohydra t e c a l o r i e s 
dominated f a t and p r o t e i n c a l o r i e s compared t o d i e t - A where 
p r o t e i n c a l o r i e s were p r e p o n d e r e n t . 
The v a l u e s of p o n d e r a l index and t h e l e n g t h - w e i g h t formulae 
of Ghanna p i m c t a t u s have been g iven i n Table V. The specimen of 
B-ba tch were more r o b u s t a s i n d i c a t e d by h i g h e r pondera l index 
and growth c o e f f i c i e n t . T h e i r body weight was found t o grow 2.7 
t i m e s t h e body l e n g t h whereas i n A-batch t h e r a t e of growth in 
weight was only 1.9 t i m e s . In none of t h e c a s e s t h e l e n g t h - w e i g h t 
r e l a t i o n s h i p fo l lowed t h e cube- law r e l a t i o n s h i p . D i e t - B , obv ious ly 
n o u r i s h e d t h e f i s h b e t t e r t h a n t h e A - d i e t . The c o r r e l a t i o n of 
l e n g t h and wei,?ht was s t r o n g e r i n B-ba t ch i n comparison wi th 
f i s h e s of t h e o t h e r g r o u p . Although t h e r e was no a p p r e c i a b l e 
d i f f e r e n c e s i n t h i s p a r a m e t e r bu t t h e lower v a l u e s i n A-group 
po in t t o t h e f a c t t h a t malnourishment t e n d s t o i n c r e a s e t h e 
v a r i a b i l i t y i n weight p e r \ in i t l e n g t h of t h e body amongst t h e 
i n d i v i d u a l s of a grouT). In b e t t e r nou r i shed f i s h e s t h e i n d i v i d u a l 
v a r i a t i o n i n l e n g t h / w e i g h t r e l a t i o n s h i p must nar row down specimens 
of a g roup must be i n comparable s t a t u s of h e a l t h , 
SUI^ ^ARY 
Growth, c o n v e r s i o n e f f i c i e n c y , p r o t e i n e f f i c i e n c y r a t i o of 
t h e mur re l Ghanna p u n c t a t u s s u p p l i e d two compotmded d i e t s were 
s t u d i e d . Die t -A (wheat b r a n , srugarcane roughage , b lood meal and 
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•fish offa l meal in the r a t i o 25:25:25:25) and d ie t -B (wheat bran, 
sugarcane roughage, blood meal and f i sh o f fa l meal in the r a t i o 
45:45:5:5) were supplied at the r a t e of 5^ of body weight. Despite 
i t s r ich p r o t e i n l e v e l (58%) the die t -A did not promote as f a s t 
growth in the f i s h as the d ie t -B with 23.3% of t h i s n u t r i e n t . 
Datas were obtained to determine t he effect of the a l t e r a t i o n in 
the ca rbohydra te /pro te in r a t i o in the d i e t on food conversion 
e f f ic iency and growth of the f i s h . A d e f i n i t e amount of carbo-
hydrate was needed t o pixDmote p ro te in u t i l i z a t i o n for growth. 
Biochemical parameters maintained progress ion (B:prote in 
18.54 + 0.056%, glycogen 213.01 + 4.14 mg/lOO g ) , (A:protein 
16.24 + 0.097%, glycogen 184.00 + 5.88 mg/lOO g) almost s imi la r 
to the growth cha rac t e r . 
Pig. 1 Concentrations of protein (white bars) cJid 
glycogen (black bars) in the muscle of 
Ghanna punctatus fed different d i e t s . Ver-
t i c a l l ines indicate standard error of mean. 
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TABLE - III Nutritional data of Channa punctatus supplied 
compounded diets. (Adopted from Haque 1986). 
Parameters 
Diet; 
Percentage gain in body weight, g 34.53 35.63 
Ins tantaneous growth r a t e (%) 0.85 0.87 
Food conversion ef f ic iency (^) 5.07 4.91 
Food quot ient 19.71 20.36 
Pro te in e f f ic iency r a t i o 0.33 0.87 
TABLS - IV Concentrations of protein, glycogen and fat (wet 
weight basis) in muscles of Qhanna punctatus 
supplied diets (A,B) 
D i e t s 
P a r a m e t e r s 
B 
P r o t e i n (%) 
(Mean + S .E. ) 
16 .24 + 0 .097 18 .34 + 0.056 
Glycogen (mg/lOO g) 
(Mean + S.S.) 
184.00 + 5.880 213.01 + 4.140 
Pa t (%) 0.22 0.09 
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